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intel ‘ 8080A/8080A-1/8080A-2 
| 8-BIT N-CHANNEL MICROPROCESSOR 


@ TTL Drive Capability m@ Decimal, Binary, and Double Precision 
m 2s (—1:1.3 ws, —2:1.5 ps) Instruction Arithmetic 
Cycle m Ability to Provide Priority Vectored 
m Powerful Problem Solving Instruction Interrupts 
Set m 512 Directly Addressed I/O Ports 
m@ 6 General Purpose Registers and an gw Available in EXPRESS 
Accumulator — Standard Temperature Range 
@ 16-Bit Program Counter for Directly m@ Available in 40-Lead Cerdip and Plastic 
Addressing up to 64K Bytes of Memory Packages 1 
m 16-Bit Stack Pointer and Stack BGG FREI RR Sen, FEAL IN) 


Manipulation Instructions for Rapid 
Switching of the Program Environment 


The Intel 8080A is a complete 8-bit parallel central processing unit (CPU). It is fabricated on a single LSI chip 
using Intel’s n-channel silicon gate MOS process. This offers the user a high performance solution to control 
and processing applications. 


The 8080A contains 6 8-bit general purpose working registers and an accumulator. The 6 general purpose 
registers may be addressed individually or in pairs providing both single and double precision operators. 
Arithmetic and logical instructions set or reset 4 testable flags. A fifth flag provides decimal arithmetic opera- 
tion. 


The 8080A has an external stack feature wherein any portion of memory may be used as a last in/first out 
stack to store/retrieve the contents of the accumulator, flags, program counter, and all of the 6 general 
purpose registers. The 16-bit stack pointer controls the addressing of this external stack. This stack gives the 
8080A the ability to easily handle multiple level priority interrupts by rapidly storing and restoring processor 
status. It also provides almost unlimited subroutine nesting. 


This microprocessor has been designed to simplify systems design. Separate 16-line address and 8-line 
bidirectional data busses are used to facilitate easy interface to memory and I/O. Signals to control the 
interface to memory and I/O are provided directly by the 8080A. Ultimate control of the address and data 
busses resides with the HOLD signal. It provides the ability to suspend processor operation and force the 
address and data busses into a high impedance state. This permits OR-tying these busses with other control- 
ling devices for (DMA) direct memory access or multi-processor operation. 


; NOTE: 
The 8080A is functionally and electrically compatible with the Intel 8080. 


November 1986 
1-1 Order Number: 231453-001 
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Figure 1. Block Diagram 
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Table 1. Pin Description 


| Symbol | Type Name and Function 


ad Bee ADDRESS BUS: The address bus provides the address to memory (up to 64K 8-bit 


words) or denotes the I/O device number for up to 256 input and 256 output devices. Ag 
D7-Do |/O | DATA BUS: The data bus provides bi-directional communication between the CPU, 
memory, and |/O devices for instructions and data transfers. Also, during the first clock 


is the least significant address bit. 
cycle of each machine cycle, the 8080A outputs a status word on the data bus that 
describes the current machine cycle. Do is the least significant bit. 


SYNC SYNCHRONIZING SIGNAL: The SYNC pin provides a signal to indicate the beginning 
of each machine cycle. 
ee DATA BUS IN: The DBIN signal indicates to external circuits that the data bus is in the 
READY S 


input mode. This signal should be used to enable the gating of data onto the 8080A data 
bus from memory or I/O. 
READY: The READY signal indicates to the 8080A that valid memory or input data is 
available on the 8080A data bus. This signal is used to synchronize the CPU with slower 
memory or I/O devices. If after sending an address out the 8080A does not receive a 

READY input, the 8080A will enter a WAIT state for as long as the READY line is low. 

READY can also be used to single step the CPU. 


WAIT | O_ | WAIT: The WAIT signal acknowledges that the CPU is in a WAIT state. 


WRITE: The WR signal is used for memory WRITE or I/O output control. The data on 


the data bus is stable while the WR signal is active low (WR = 0). 


HOLD: The HOLD signal requests the CPU to enter the HOLD state. The HOLD state 
allows an external device to gain control of the 8080A address and data bus as soon as 
the 8080A has completed its use of these busses for the current machine cycle. It is 
recognized under the following conditions: 

@ the CPU is in the HALT state. 

@ the CPU is in the T2 or TW state and the READY signal is active. As a result of 
entering the HOLD state the CPU ADDRESS BUS (A;5-—Ag) and DATA BUS (D7-Dp) 
will be in their high impedance state. The CPU acknowledges its state with the HOLD 
ACKNOWLEDGE (HLDA) pin. 
HOLD ACKNOWLEDGE: The HLDA signal appears in response to the HOLD signal and 
indicates that the data and address bus will go to the high impedance state. The HLDA 
signal begins at: 
¢ T3 for READ memory or input. 

e The Clock Period following T3 for WRITE memory or OUTPUT operation. 

In either case, the HLDA signal appears after the rising edge of do. 
INTERRUPT ENABLE: Indicates the content of the internal interrupt enable flip/flop. 
This flip/flop may be set or reset by the Enable and Disable Interrupt instructions and 
inhibits interrupts from being accepted by the CPU when it is reset. It is automatically 
reset (disabling further interrupts) at time T1 of the instruction fetch cycle (M1) when an 
interrupt is accepted and is also reset by the RESET signal. 
INTERRUPT REQUEST: The CPU recognizes an interrupt request on this line at the end 
of the current instruction or while halted. If the CPU is in the HOLD state or if the 
Interrupt Enable flip/flop is reset it will not honor the request. 
RESET: While the RESET signal is activated, the content of the program counter is 
cleared. After RESET, the program will start at location 0 in memory. The INTE and 


" = 
ae ae 
RESET! 
HLDA flip/flops are also reset. Note that the flags, accumulator, stack pointer, and 
registers are not cleared. 


SPONSE a BO a a ae a Oe gre A a ed 
ii cd 5 MOWER tI OM Vel ek ee rR ge 
SSS EER SS ES Rn Rp nee academe ba Roe, ee 
Ohba OSes fa) ea ee he Ne ge 
[¢1.¢2 | | CLOCK PHASES: 2 externally supplied clock phases. (non TTL compatibley 
NOTE: 


1. The RESET signal must be active for a minimum of 3 clock cycles. 
1-3 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias lee 0°C to + 70°C “WARNING: Stressing the device beyond the “Absolute 
Storage Temperature .......... —65°C to + 150°C Maximum Ratings” may cause permanent damage. 
All Input or Output Voltages These are stress ratings only. Operation beyond the 
with Respect to Vgg .........-- —0.3Vto +20V “Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
Voc: Vpp and Vss may affect device reliability. 
with Respect to Veg ........... —0.3V to + 20V 
POMEr CBSA esi i cs ha hoe vod teed 1.5W 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vpop = +12V +5%, Voc = +5V +5%, Veg = —5V +5%, Vss = OV; unless otherwise 


noted | 
Test Condition 


Vss — 1 
[Clock InputHigh Voltage | 9.0 
[inputHigh Voltage | 8.3 


<|s 
5 |O 


VIL 
VIH 
VoL } lo. = 1.9 mA on All Outputs, 
VOH lon = —150 pA. 


Av) | Avg. Power Supply Current (Vpp) 


Es She 
loc av [Avg Power Supply Current (Voo)| 
Ip5 (av) [Avg Power Supply Current (Vep)| 
linputeakage | 
Clock Leakage | 


—- 
— 


Operation 
Toy = 0.48 us 


Vss < Vin S Vss + 0.8V 
Vss + 0.8V < Vin < Voc 


VADDR/DATA = Voc 
VADDR/DATA = Vss + 0.45V 


O 


Data Bus Leakage in Input Mode 


Address and Data Bus Leakage 
During HOLD 


Ne 

ICL 
IDL 
FL 


CAPACITANCE 
Ta = 25°C, Voc = Vpp = Vss = OV, Ves = —5V 


|Symbol | Parameter | Typ | Max | Unit | Test Condition 

Cy Clock 17 pF | fo = 1 MHz 
Capacitance 

CIN Input 10 | pF | Unmeasured Pins 
Capacitance 

Cout Output 10 pF | Returned to Vss 
Capacitance 


AMBIENT TEMPERATURE (°C) 
231453-3 


Typical Supply Current vs 
Temperature, Normalized 
Al Supply/ATa = —0.45%/°C 


- >> + | a 
“ ye cx > «gh 
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A.C. CHARACTERISTICS (8080A) Ta = 0°C to 70°C, Vpp = +12V +5%, Veg = +5V 5%, 
Veep = —5V +5%, = OV; unless otherwise noted 


Vss 
eno] Pomme aa | coc 


y®)_|ClockPeriod «0.48 2.0 10.32] 2.0 10.98] 2.0 | ps | 
tt [Clock Rise andFallTime | 0 | 50 | 0 | 25] 0 | 50 | ns | 


ti __|giPulsewidth = sO || BO] | CO | ns 

te Jue Pulse Wet 5 Se yh figao | 2] 46] a 78 |S | ne | 
ik: [Dey bitodeig ie ere ny OP Le LL Oo) | ve 
toa [Delay dr toge Ss | 70] Loo] 70} | ns | 
tog [Delay di togzleadingEdges = | 80 | | 60 | | 70 | ns| 
toa___|Address Output DelayFrom2 |_| 200] | 150] | 175 28) 6 = 100 pF | 
top [Data Output DelayFromd2 =| == 00] —«(180| ~—([200[ ns | 
top _|DBIN Delay Fromé2 ———=S—=«d; «28 | 140| 25 | 190] 25 | 140] ns 
tpi) ‘| Delay for Input Bus to Enter Input Mode ae tor Ped tor fay tor ns | 
tps Data Setup Time During ; and DBIN Pao bah od ae Pp 
tos2_[DataSetup Timeto2DuringDBIN | 150} | 120; | 130] | ns 
toHt” ot fol [m[ [rs 
tte __|INTE Output DelayFrom2_ | =~ 200| | 200] | 200| ns | C= 50 pF 
tas __|READY Setup Time Duringg2 sf 120| | 90 | | 90 |_| ns 
tus [HOLD SetupTimeDuringg2 | 140] 120] | 120 | ns 
tis __|INTSetup Time Duringd2 «| 120] | 100] | 100] | ns 
ty __|Hold Time From 2 (READY, INT,HOLD) | 0 | | 0 | | O| | ns 
taw [Address Stable PriortoWR sss |) | LS) | |) || ns 
tow [Output Data Stable PriortoWwR | @) | |) | |) || ns 
two [Output Data StableFromwR | (7) |) |) | ns 
twa Address StableFromwR | (7) | SL) |) | ns 
tye [HLDAtoFloatDelay ss sf) | CL | OL 8) | ns 

g| |@| |@| [ns] 
tay [Address Hold Time After DBIN During HLDA|—20] |-20| _|~20] | ns_ 


A.C. TESTING LOAD CIRCUIT 


DEVICE 

UNDER 

TEST 
C, = 100 pF 


CL = 100 pF 


C, Includes Jig Capacitance 


231453-4 


9-1 


$, \ 


Ais Ao 


—| ‘oe j*— 
DBIN 


i mie i+} 4] | 


READY , | ; 
toc |< 
WAIT 


HOLD 7 _XolxX 7 


HLDA 
Us 
tis De 
INTE 


231453-5 © 


NOTE: 
Timing measurements are made at the following reference voltages: CLOCK “1” = 8.0V, “0” = 1.0V; INPUTS “1” = 3.3V, “0” = 0.8V; OUTPUTS “1” = 2.0V, 
“O” = 0.8V 


‘Pyur 
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WAVEFORMS (Continued) 


231453-6 


NOTES: 
(Parenthesis gives —1, —2 specifications, respec- 
tively.) 
1. Data input should be enabled with DBIN status. 
No bus conflict can then occur and data hold time 
is assured. 
topH = 50 ns or tpg, whichever is less. 
2. tcy = tog + too + ge + tip2 + to2 + tro1 = 
480 ns (— 1:320 ns, — 2:380 righ 
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Typical A Output Delay vs A Capacitance 


a 
= 
> 
< 
- 
Ww 
a) 
— 
= 
a. 
- 
=} 
° 
<j 


\ CAPACITANCE (pf) 


(Cactuat — Cspec! 
231453-7 


3. The following are relevant when interfacing the 
8080A to devices having Viy = 3.3V: 
a) Maximum output rise time from 0.8V to 3.3V = 
100 ns @ CG, = SPEC. 
b) Output delay when measured to 3.0V = SPEC 
+60 ns @ C, = SPEC. 
c) If CG. = SPEC, add 0.6 ns/pF if CL > Cspec, 
subtract 0.3 ns/pF (from modified delay) if C, < 
CspEc- 
4. taw = 2 tcy — tos — toe — 140 ns (—1:110 
ns, — 2:130 ns). 
5. tow = tcy — tp3 — trp2 — 170 ns (—1:150 ns, 
— 2:170 ns). 
6. If not HLDA, two = twa = tpg + trg2 + 10 ns. 
If HLDA, twp = twa = twe. 
7. tue = tp3 + trp2 —50 ns. 
8. twe = tos + toa — 10 ns. 
9. Data in must be stable for this period during 
DBIN T3. Both tps; and tpse must be satisfied. 
10. Ready signal must be stable for this period dur- 
ing To or Tw. (Must be externally synchronized.) 
11. Hold signal must be stable for this period during 
To or Tw when entering hold mode, and during T3, 
T4, T5 and TwH when in hold mode. (External syn- 
chronization is not required.) 
12. Interrupt signal must be stable during this peri- 
od of the last clock cycle of any instruction in order 
to be recognized on the following instruction. (Ex- 
ternal synchronization is not required.) 
13. This timing diagram shows timing relationships 
only; it does not represent any specific machine cy- 
cle. 
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INSTRUCTION SET 


The accumulator group instructions include arithme- 
tic and logical operators with direct, indirect, and im- 
mediate addressing modes. 


Move, load, and store instruction groups provide the 
ability to move either 8 or 16 bits of data between 
memory, the six working registers and the accumula- 
tor uSing direct, indirect, and immediate addressing 
modes. 


The ability to branch to different portions of the pro- : 


gram is provided with jump, jump conditional, and 
computed jumps. Also the ability to call to and return 
from subroutines is provided both conditionally and 
unconditionally. The RESTART (or single byte call 
instruction) is useful for interrupt vector operation. 


Double precision operators such as stack manipula- 


tion and double add instructions extend both the 
arithmetic and interrupt handling capability of the 


Data and Instruction Formats 
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8080A. The ability to increment and decrement 
memory, the six general registers and the accumula- 
tor is provided as well as extended increment and 
decrement instructions to operate on the register 
pairs and stack pointer. Further capability is provid- 
ed by the ability to rotate the accumulator left or right 
through or around the carry bit. 


Input and output may be accomplished using memo- 
ry addresses as |/O ports or the directly addressed 
|/O provided for in the 8080A instruction set. 


The following special instruction group completes 
the 8080A instruction set: the NOP _ instruction, 
HALT to stop processor execution and the DAA in- 
structions provide decimal arithmetic capability. STC 
allows the carry flag to be directly set, and the CMC 
instruction allows it to be complemented. CMA com- 
plements the contents of the accumulator and 
XCHG exchanges the contents of two 16-bit register 
pairs directly. 


Data in the 8080A is stored in the form of 8-bit binary integers. All data transfers to they system data bus will ° 


D7 Dg Ds D4 Dg Do Dy Do 


DATA WORD 


be in the same format. 


The program instructions may be one, two, or three bytes in length. Multiple byte instructions must be stored in 
successive words in program memory. The instruction formats then depend on the particular operation execut- 


ed. 
One Byte Instructions 


D7 Dg Ds D4 Dg Do Dy Do} OP CODE 


Two Byte Instructions 


D7 Dg Ds Dg Dg Do Dy Do} OP CODE 
D7 Dg Ds D4 D3 Do Dy Do} OPERAND 
Three Byte Instructions 

D7 Dg Ds D4 Dg Do Dy OP CODE 


TYPICAL INSTRUCTIONS 


Register to register, memory reference, 
arithmetic or logical, rotate, return, push, 
pop, enable or disable Interrupt 
instructions 


Immediate mode or I/O instructions 


Jump, call or direct load and store 
instructions 


D7 Dg Ds D4 Dg Do Dy Do} LOWADDRESS OR OPERAND 1 


D7 Dg Ds D4 Dg Do Dy 


fo) oO 


HIGH ADDRESS OR OPERAND 2 


For the 8080A a logic ‘‘1” is defined as a high level and a logic “0” is defined as a low level. 
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Table 2. instruction Set Summary 


instruction Code (1) 
D7 Dg Ds Dg Dg Da D, De 


instruction Code (1) 
D7 Dg D5 D4D3 D2 D, Dg 


Operations 


MOVr1,r2 
MOV M,r 
MOV r,M 
MVIr 
MVIM 


LX! B 


-~ooooccoco so 
-_ooo0oocooocjo 
—~ tit st st = OO OC O 


—_— =-=§ OF = O + = CO OO 


oo ocooocoooo o 


0 {Store A indirect 

0 |Store A indirect 

0 |Load A indirect 

0 |Load A indirect 

0 |Store A direct 

0 jLoad A direct 

0 {Store H & L direct 
0 |Load H & L direct 


Push register Pair 
B &C on stack 


Push register Pair 
D & E on stack 


Push register Pair 


unconditional 
0 |Jump on carry 
0 Jump on no carry 
0 |Jump on zero 
0 |Jump on no zero 
0 |Jump on positive 


ee a ee ee ee | 


ee ee ee 


A ee ee ee ee 


ee ee 


—-~—-—-=-O0000 


—-~-st- ss = OO0CCO 
oo-+-+00+=+ 0 
CF 6 ek OOO et Ov etint 


a ee ee 


oooo0o0oo9co]o 


oooooqcoooco 


ooooo0coco o 


0 |Call on carry 

0 |Call on no carry 

0 |Call on zero 

0 iCall on no zero 

0 |Call on positive 

0 jCall on minus 

0 |Call on parity even 
0 |Call on parity odd 


0 |Return on carry 

0 |Return on no carry 
0 |Return on zero 

0 |Return on no zero 
0 |Return on positive 
0 |Return on minus 

0 |Return on parity 
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Table 2. Instruction Set Summary (Continued) 


Instruction Code (1) Operations oy ; Instruction Code (1) Operations 
D7DgD5D4D3D2D;Dogi Description = D7DgD5D4D3D2D;Dog Description 


SUBTRACT ROTATE 


S |Subtract register 0 
from A : 0 
S |Subtract register 1 
from A with borrow 
0 |Subtract memory 0608.14.77 44 
from A ' 
0 |Subtract memory 
from A with borrow 
0 |Subtract 
immediate from A 


INPUT/OUTPUT 


IN T @22.1 @ 
OUT t<-4: 0, 4.0:0 


CONTROL 


El 
Di 


0 {Exclusive Or 
immediate with A 

0 jOr immediate 
with A 

0 |Compare 
immediate with A 


NOTES: 

1. DDD or SSS: B = 000, C = 001, D = 010, E = 011, H = 100, L = 101, Memory = 110, A = 111. 
2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 

*All mnemonics copyright © Intel Corporation 1977 
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8-BIT HMOS MICROPROCESSORS > 


m Single +5V Power Supply with 10% m@ On-Chip System Controller; Advanced 
Voltage Margins Cycle Status Information Available for 
m 3 MHz, 5 MHz and 6 MHz Selections Large System Control 
Available m@ Four Vectored Interrupt Inputs (One Is 
m 20% Lower Power Consumption than Non-Maskable) Plus an 8080A- | 
8085A for 3 MHz and 5 MHz COMPER ea earupe 
m 1.3 ys Instruction Cycle (8085AH); 0.8 @ Serial In/Serial Out Port 
wS (8085AH-2); 0.67 ws (8085AH-1) m@ Decimal, Binary and Double Precision / 
m 100% Software Compatible with 8080A Arithmetic 
m On-Chip Clock Generator (with External ® ciate ere Capability to 64K 
Crystal, LC or RC Network) ViPS Oy Seerory 
@ Available in 40-Lead Cerdip and Plastic 
Packages 


(See Packaging Spec., Order #231369) 


The Intel 8085AH is a complete 8-bit parallel Central Processing Unit (CPU) implemented in N-channel, 
depletion load, silicon gate technology (HMOS). Its instruction set is 100% software compatible with the 
8080A microprocessor, and it is designed to improve the present 8080A’s performance by higher system 
speed. Its high level of system integration allows a minimum system of three IC’s [8085AH (CPU), 8156H 
(RAM/IO) and 8755A. (EPROM/IO)] while maintaining total system expandability. The 8085AH-2 and 
8085AH-1 are faster versions of the 8085AH. 


The 8085AH incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) 
provided for the 8080A, thereby offering a higher level of system integration. 


The 8085AH uses a multiplexed data bus. The address is split between the 8-bit address bus and the 8-bit 
data bus. The on-chip address latches of 8155H/8156H/8755A memory products allow a direct interface with 
the 8085AH. 


INTA RST6.5 TRAP 
INTR RST 55 AST7.5 - SID soo , 


INTERRUPT CONTROL SERIAL 1/0 CONTROL 


{ 8.BIT INTERNAL DATA BUS | 


Vcc 
HOLD 
HLDA 


CLK (OUT) 
RESET IN 
READY 
eg 
REGISTER is) 
| eae 
RD 
8 tor 
DECODER Tae oe aN 
sano S| accisren ay 
“att a ae So 
ENCODING (16) A 
5 
POWER | —= +5V A13 
im {2% if 
Ai} 
TIMING AND CONTROL A10, 
x DATA/ADDRESS BUFFER ©) Ag 
1 CLK RESET 
X2 GEN CONTROL STATUS DMA es rete 1] t Ag 
CLK OUT RD WR ALE SoS; IO/M HLDA RESET OUT hate Kida 23171 8-2 
mesoY se he ner ADDRESS BUS ADDRESS/DATA BUS Figure 2 8085AH Pin 
231718-1 


Figure 1. 8085AH CPU Functional Block Diagram Configuration 


September 1987 
Order Number: 2317 18-001 oe 
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Table 1. Pin Description 


Symbol Name and Function 


Ag-Ai5 ADDRESS BUS: The most significant 8 bits of memory address or the 8 bits of the 
|/O address, 3-stated during Hold and Halt modes and during RESET. 
ADo-7 |/O | MULTIPLEXED ADDRESS/DATA BUS: Lower 8 bits of the memory address (or 


|/O address) appear on the bus during the first clock cycle (T state) of a machine 
cycle. It then becomes the data bus during the second and third clock cycles. 


ADDRESS LATCH ENABLE: It occurs during the first clock state of a machine 
cycle and enables the address to get latched into the on-chip latch of peripherals. 
The falling edge of ALE is set to guarantee setup and hold times for the address 
information. The falling edge of ALE can also be used to strobe the status 
information. ALE is never 3-stated. 


0 
0 
| 
: 
0 
1 
* 
* 


<x «KO -A + + O = O 


Hold and Halt modes and during RESET. 


WROTE CONTROL: A low level on WR indicates the data on the Data Bus is to be 
written into the selected memory or I/O location. Data is set up at the trailing edge 
of WR. 3-stated during Hold and Halt modes and during RESET. 


READY: If READY is high during a read or write cycle, it indicates that the memory 
or peripheral is ready to send or receive data. If READY is low, the CPU will wait an 
integral number of clock cycles for READY to go high before completing the read 

or write cycle. READY must conform to specified setup and hold times. 


HOLD: Indicates that another master is requesting the use of the address and data 
buses. The CPU, upon receiving the hold request, will relinquish the use of the bus 
as soon as the completion of the current bus transfer. Internal processing can 
continue. The processor can regain the bus only after the HOLD is removed. When 
the HOLD is acknowledged, the Address, Data RD, WR, and IO/M lines are 
3-stated. 


HOLD ACKNOWLEDGE: Indicates that the CPU has received the HOLD request 
and that it will relinquish the bus in the next clock cycle. HILDA goes low after the 
Hold request is removed. The CPU takes the bus one half clock cycle after HLDA 
goes low. 


INTERRUPT REQUEST: Is used as a general purpose interrupt. It is sampled only 
during the next to the last clock cycle of an instruction and during Hold and Halt 
states. If it is active, the Program Counter (PC) will be inhibited from incrementing 
and an INTA will be issued. During this cycle a RESTART or CALL instruction can 
be inserted to jump to the interrupt service routine. The INTR is enabled and 
disabled by software. It is disabled by Reset and immediately after an interrupt is 
accepted. 


is to be read and that the Data Bus is available for the data transfer, 3-stated during 
HOLD 


So, S; and |O/M MACHINE CYCLE STATUS: 
1O/M S; So Status 
Memory write 
Memory read 
I/O write 
I/O read 
Opcode fetch 
Interrupt Acknowledge 
Halt 
Hold 
Reset 
* = 3-state (high impedance) 
X = unspecified 
S; can be used as an advanced R/W status. IO/M, Sp and S; become valid at the 
beginning of a machine cycle and remain stable throughout the cycle. The falling 
edge of ALE may be used to latch the state of these lines. 


sate te: READ CONTROL: A low level on RD indicates the selected memory or |/O device 
WR 
READY 
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Table 1. Pin Description (Continued) 


| Symbol _‘| Type | Name and Function 


INTA fa INTERRUPT ACKNOWLEDGE: Is used instead of (and has the same timing as) 


RD during the Instruction cycle after an INTR is accepted. It can be used to 
activate an 8259A Interrupt chip or some other interrupt port. 


RESTART INTERRUPTS: These three inputs have the same timing as INTR 
except they cause an internal RESTART to be automatically inserted. 


The priority of these interrupt is ordered as shown in Table 2. These interrupts have 
a higher priority than INTR. In addition, they may be individually masked out using 
the SIM instruction. 


TRAP 


TRAP: Trap interrupt is a non-maskable RESTART interrupt. It is recognized at the 
same time as INTR or RST 5.5-7.5. It is unaffected by any mask or Interrupt 
Enable. It has the highest priority of any interrupt. (See Table 2.) 


RESET IN RESET IN: Sets the Program Counter to zero and resets the Interrupt Enable and 
HLDA flip-flops. The data and address buses and the control lines are 3-stated 
during RESET and because of the asynchronous nature of RESET, the processor’s 
internal registers and flags may be altered by RESET with unpredictable results. 
RESET IN is a Schmitt-triggered input, allowing connection to an R-C network for 
power-on RESET delay (see Figure 3). Upon power-up, RESET IN must remain low 
for at least 10 ms after minimum Vcc has been reached. For proper reset 
operation after the power-up duration, RESET IN should be kept low a minimum of 
three clock periods. The CPU is held in the reset condition as long as RESET IN is 
applied. 


RESET OUT: Reset Out indicates CPU is being reset. Can be used as a system 
reset. The signal is synchronized to the processor clock and lasts an integral 


RESET OUT 
. number of clock periods. 

X41, Xo X4 and X92: Are connected to a crystal, LC, or RC network to drive the internal 
clock generator. X; can also be an external clock input from a logic gate. The input 
frequency is divided by 2 to give the processor’s internal operating frequency. 

CLK CLOCK: Clock output for use as a system clock. The period of CLK is twice the X;, 
Xo input period. 
SERIAL INPUT DATA LINE: The data on this line is loaded into accumulator bit 7 
whenever a RIM instruction is executed. 
SERIAL OUTPUT DATA LINE: The output SOD is set or reset as specified by the 
SIM instruction. 


Nahe oa * ROM Feat onel: 
Weg TT RROUNE: Heterence, 


Table 2. Interrupt Priority, Restart Address and Sensitivity 


Address Branched to(1) Be Bihar 
When Interrupt Occurs ype Irigg 


NOTES: 


1. The processor pushes the PC on the stack before branching to the indicated address. 
2. The address branched to depends on the instruction provided to the CPU when the interrupt is acknowledged. 
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RESET IN 


Typical Power-On Reset RC Values* 231718-3 
Ry = 75 KO 

Cy, = 1 pF 

*Values May Have to Vary Due to Applied Power Supply Ramp 
Up Time. 


Figure 3. Power-On Reset Circuit 


FUNCTIONAL DESCRIPTION 


The 8085AH is a complete 8-bit parallel central 
processor. It is designed with N-channel, depletion 
load, silicon gate technology (HMOS), and requires 
a single +5V supply. Its basic clock speed is 3 MHz 
(8085AH), 5 MHz (8085AH-2), or 6 MHz (8085-AH-1), 
thus improving on the present 8080A’s performance 
with higher system speed. Also it is designed to fit 
into a minimum system of three IC’s: The CPU 
(8085AH), a RAM/IO (8156H), and an EPROM/IO 
chip (8755A). 


The 8085AH has twelve addressable 8-bit registers. 
Four of them can function only as two 16-bit register 
pairs. Six others can be used interchangeably as 
8-bit registers or as 16-bit register pairs. The 
8085AH register set is as follows: 


Mnemonic Register Contents 
ACC orA Accumulator 8 Bits 
PC Program Counter 16-Bit Address 


BC, DE, HL General-Purpose 8-Bits x 6 or 


Registers; data 16 Bitsx3 
pointer (HL) 
SP Stack Pointer 16-Bit Address 


Flags orF Flag Register 5 Flags (8-Bit Space) 
The 8085AH uses a multiplexed Data Bus. The ad- 
dress is split between the higher 8-bit Address Bus 
and the lower 8-bit Address/Data Bus. During the 
first T state (clock cycle) of a machine cycle the low 
order address is sent out on the Address/Data bus. 
These lower 8 bits may be latched externally by the 
Address Latch Enable signal (ALE). During the rest 
of the machine cycle the data bus is used for memo- 
ry or I/O data. 


The 8085AH provides RD, WR, So, S;, and |O/M 
signals for bus control. An Interrupt Acknowledge 
signal (INTA) is also. provided. HOLD and all Inter- 
rupts are synchronized with the processor’s internal 
clock. The 8085AH also provides Serial Input Data 


igi Bias ca. oy? 
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(SID) and Serial Output Data (SOD) lines for simple 
serial interface. 


In addition to these features, the 8085AH has three 
maskable, vector interrupt pins, one nonmaskable 
TRAP interrupt, and a bus vectored interrupt, INTR. 


INTERRUPT AND SERIAL I/O 


The 8085AH has 5 interrupt inputs: INTR, RST 5.5, 
RST 6.5, RST 7.5, and TRAP. INTR is identical in 
function to the 8080A INT. Each of the three RE- 
START inputs, 5.5, 6.5, and 7.5, has a programma- 
ble mask. TRAP is also a RESTART interrupt but it is 
nonmaskable. 


The three maskable interrupt cause the internal exe- 
cution of RESTART (saving the program counter in 
the stack and branching to the RESTART address) if 
the interrupts are enabled and if the interrupt mask 
is not set. The nonmaskable TRAP causes the inter- 
nal execution of a RESTART vector independent of 
the state of the interrupt enable or masks. (See Ta- 
ble 2.) 


There are two different types of inputs in the restart 
interrupts. RST 5.5 and RST 6.5 are high /evel-sensi- 
tive like INTR (and INT on the 8080) and are recog- 
nized with the same timing as INTR. RST 7.5 is rising 
edge-sensitive. 


For RST 7.5, only a pulse is required to set an inter- 
nal flip-flop which generates the internal interrupt re- 
quest (a normally high level signal with a low going 
pulse is recommended for highest system noise im- 
munity). The RST 7.5 request flip-flop remains set 
until the request is serviced. Then it is reset auto- 
matically. This flip-flop may also be reset by using 
the SIM instruction or by issuing a RESET IN to the 
8085AH. The RST 7.5 internal flip-flop will be set by 
a pulse on the RST 7.5 pin even when the RST 7.5 
interrupt is masked out. 


The status of the three RST interrupt masks can 
only be affected by the SIM _ instruction and 
RESET IN. (See SIM, Chapter 5 of the 8080/8085 
User’s Manual.) 


The interrupts are arranged in a fixed priority that 
determines which interrupt is to be recognized if 
more than one is pending as follows: TRAP—high- 
est priority, RST 7.5, RST 6.5, RST 5.5, INTR—low- 
est priority. This priority scheme does not take into 
account the priority of a routine that was started by a 
higher priority interrupt. RST 5.5 can interrupt an 
RST 7.5 routine if the interrupts are re-enabled be- 
fore the end of the RST 7.5 routine. 


The TRAP interrupt is useful for catastrophic events 


such as power failure or bus error. The TRAP input is 
recognized just as any other interrupt but has the 


. 
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highest priority. It is not affected by any flag or mask. 
The TRAP input is both edge and level sensitive. 
The TRAP input must go high and remain high until it 
is acknowledged. It will not be recognized again until 
it goes low, then high again. This avoids any false 
triggering due to noise or logic glitches. Figure 4 il- 
lustrates the TRAP interrupt request circuitry within 
the 8085AH. Note that the servicing of any interrupt 
(TRAP, RST 7.5, RST 6.5, RST 5.5, INTR) disables 
all future interrupts (except TRAPs) until an El in- 
struction is executed. 


INSIDE THE 
EXTERNAL | 8065AH 


INTERRUPT 
REQUEST 


INTERRUPT 
REQUEST 


INTERNAL TRAP F.F. 


TRAP 
ACKNOWLEDGE 
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Figure 4. TRAP and RESET In Circuit 


The TRAP interrupt is special in that it disables inter- 
rupts, but preserves the previous interrupt enable 
status. Performing the first RIM instruction following 
a TRAP interrupt allows you to determine whether 
interrupts were enabled or disabled prior to the 
TRAP. All subsequent RIM instructions provide cur- 
rent interrupt enable status. Performing a RIM in- 
struction following INTR, or RST 5.5-—7.5 will provide 
current Interrupt Enable status, revealing that inter- 
rupts are disabled. See the description of the RIM 
instruction in the 8080/8085 Family User’s Manual. 


The serial |/O system is also controlled by the RIM 
and SIM instruction. SID is read by RIM, and SIM 
sets the SOD data. 


DRIVING THE X; AND X2 INPUTS 


You may drive the clock inputs of the 8085AH, 
8085AH-2, or 8085AH-1 with a crystal, an LC tuned 
circuit, an RC network, or an external clock source. 
The crystal frequency must be at least 1 MHz, and 
must be twice the desired internal clock frequency; 
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hence, the 8085AH is operated with a 6 MHz crystal 
(for 3 MHz clock), the 8085AH-2 operated with a 10 
MHz crystal (for 5 MHz clock), and the 8085AH-1 
can be operated with a 12 MHz crystal (for 6 MHz 
clock). If a crystal is used, it must have the following 
characteristics: 


Parallel resonance at twice the clock frequency de- 
sired 

C, (load capacitance) < 30 pF 

Cs (Shunt capacitance) < 7 pF 

Rs (equivalent shunt resistance) < 752 

Drive level: 10 mW 

Frequency tolerance: +0.005% (suggested) 


Note the use of the 20 pF capacitor between X»o and 
ground. This capacitor is required with crystal fre- 
quencies below 4 MHz to assure oscillator startup at 
the correct frequency. A parallel-resonant LC citcuit 
may be used as the frequency-determining network 
for the 8085AH, providing that its frequency toler- 
ance of approximately +10% is acceptable. The 
components are chosen from the formula: 


{ 
finer <a ptersipeepestatiatapeaonss 


To minimize variations in frequency, it is recom- 
mended that you choose a value for Coy that is at 
least twice that of Cjpnz, or 30 pF. The use of an LC 
circuit is not recommended for frequencies higher 
than approximately 5 MHz. 


An RC circuit may be used as the frequency-deter- 
mining network for the 8085AH if maintaining a pre- 
cise clock frequency is of no importance. Variations 
in the on-chip timing generation can cause a wide 
variation in frequency when using the RC mode. Its 
advantage is its low component cost. The driving 
frequency generated by the circuit shown is approxi- 
mately 3 MHz. It is not recommended that frequen- 
cies greatly higher or lower than this be attempted. 


Figure 5 shows the recommended clock driver cir- 
cuits. Note in d and e that pullup resistors are re- 
quired to assure that the high level voltage of the 
input is at least 4V and maximum low level voltage 
of 0.8V. 


For driving frequencies up to and including 6 MHz 
you may supply the driving signal to X; and leave Xo 
open-circuited (Figure 5d). If the driving frequency is 
from 6 MHz to 12 MHz, stability of the clock genera- 
tor will be improved by driving both X; and Xo with a 
push-pull source (Figure 5e). To prevent self-oscilla- 
tion of the 8085AH, be sure that Xo is not coupled 
back to X; through the driving circuit. 
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*20 pF capacitors required for 


crystal frequency < 4 MHz only. 231718-5 


a. Quartz Crystal Clock Driver 


231718-6 
b. LC Tuned Circuit Clock Driver 


231718-7 
c. RC Circuit Clock Driver 


*Xo left floating 
231718-8 
d. 1-6 MHz Input Frequency 
Clock Driver Circuit 


+5V 


231718-9 
e. 1-12 MHz Input Frequency 
External Clock Driver Circuit 


Figure 5. Clock Driver Circuits 


GENERATING AN 8085AH WAIT 
STATE 


If your system requirements are such that slow 
memories or peripheral devices are being used, the 
circuit shown in Figure 6 may be used to insert one 
WAIT state in each 8085AH machine cycle. 


The D flip-flops should be chosen so that 
e CLK is rising edge-triggered 
e CLEAR is low-level active. 


231718-10 
*ALE and CLK (OUT) should be buffered if CLK input of latch 
exceeds 8085AH IOL or IOH. 


Figure 6. Generation of a 
Wait State for 8085AH CPU 


As in the 8080, the READY line is used to extend the 
read and write pulse lengths so that the 8085AH can 
be used with slow memory. HOLD causes the CPU 
to relinquish the bus when it is through with it by 
floating the Address and Data Buses. 


SYSTEM INTERFACE 


The 8085AH family includes memory components, 
which are directly compatible to the 8085AH CPU. 
For example, a system consisting of the three chips, 
8085AH, 8156H and 8755A will have the following 
features: 


e 2K Bytes EPROM 

e 256 Bytes RAM 

e 1 Timer/Counter 

© 4 8-bit |/O Ports 

e 16-bit |/O Port 

e 4 Interrupt Levels 

e@ Serial In/Serial Out Ports 
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This minimum system, using the standard |/O tech- 
nique is as shown in Figure 7. 


In addition to the standard I/O, the memory mapped 
I/O offers an efficient 1/O addressing technique. 
With this technique, an area of memory address 
space is assigned for |/O address, thereby, using 
the memory address for I/O manipulation. Figure 8 


RST7,5 
RST6,5 
RST5,5 
INTR 
INTA 


-8085AH/8085AH-2/8085AH-1 


shows the system configuration of Memory Mapped 
I/O using 8085AH. 


The 8085AH CPU can also interface with the stan- 
dard memory that does not have the multiplexed ad- 
dress/data bus. It will require a simple 8-bit latch as 
shown in Figure 9. 


jaan: 


HITE Vss Vec Voo PROG 
Vec 


Figure 7. 8085AH Minimum System (Standard I/O Technique) 


*NOTE: 
Optional Connection 
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—* Vice 
Vcc 
Vcc 


| 

ls 

| 
KIRSTIRDY 


ea 
O 


8755A [EPROM + I/O] 


Iz 
i} 


bey 


(RAM + /O + COUNTER/TIMER] 


RESET OUT 


10/M 


cr 
25 
= 


Figure 8. 8085 Minimum System (Memory Mapped I/O) 
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Optional Connection 


*NOTE: 
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RESET IN 


HLDA 


RESET 
ADDR oe te OUT 
DATA ALE RD WR IO/M_RDY CLK 


STANDARD 
MEMORY 


EE eer | (CS) 


1/0 PORTS, 
CONTROLS 
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Figure 9. 8085 System (Using Standard Memories) 
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BASIC SYSTEM TIMING 


The 8085AH has a multiplexed Data Bus. ALE is 
used as a strobe to sample the lower 8-bits of ad- 
dress on the Data Bus. Figure 10 shows an instruc- 
tion fetch, memory read and I/O write cycle (as 
would occur during processing of the OUT instruc- 
tion). Note that during the |/O write and read cycle 
that the 1/O port address is copied on both the up- 
per and lower half of the address. 


There are seven possible types of machine cycles. 
Which of these seven takes place is defined by the 
status of the three status lines (IO/M, S41, So) and 
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the three control signals (RD, WR, and INTA). (See 
Table 3.) The status lines can be used as advanced 
controls (for device selection, for example), since 
they become active at the T; state, at the outset of 
each machine cycle. Control lines R RD and WR be- 
come active later, at the time when the transfer of 
data is to take place, so are used as command lines. 


A machine cycle normally consists of three T states, 
with the exception of OPCODE FETCH, which nor- 
mally has either four or six T states (unless WAIT or 
HOLD states are forced by the receipt of READY or 
HOLD inputs). Any T state must be one of ten possi- 
ble states, shown in Table 4. 


Table 3. 8085AH Machine Cycle Chart 


MEMORY READ _— (MR) 


ACKNOWLEDGE 
OF INTR 


BUS IDLE 


0 = Logic “0” 
1 = Logic “1” 
*ALE not generated during 2nd and 3rd machine cycles of DAD instruction. 
tIO/M = 1 during T4-Tg of INA machine cycle. 
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| [statue [Control 
| _mecicrce baat ora] we] 
forcovereron on «To ‘ft [1fol1[ 1 

To [1 fofot+]| 1 
[MEMORY WRITE ww) ——*i| 0 fol 


1/O WRITE (IOW) 


TS = High Impedance 
X = Unspecified 


=X 


(LOW ORDER DATA FROM DATA FROM MEMORY DATA TO MEMORY 
ADDRESS) MEMORY (1/0 PORT ADDRESS) OR PERIPHERAL 
(INSTRUCTION) 


STATUS € S,Sp (FETCH) ’ Sa ee 10 (READ) 
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Figure 10. 8085AH Basic System Timing 
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ABSOLUTE MAXIMUM RATINGS* 
Ambient Temperature under Bias ...... 0°C to 70°C 


Storage Temperature .......... —65°C to + 150°C *WARNING: Stressing the device beyond the “Absolute 

Voltage on Any Pin Maximum Ratings” may cause permanent damage. 

ag y These are stress ratings only. Operation beyond the 

with Respect to Ground.......... =—O0.5¥ to +7V “Operating Conditions” is not recommended and ex- 

Power DISSibation.'...5 7. 0S. 6G. seks oe Seb s 1.5W tended exposure beyond the “Operating Conditions’’ 
may affect device reliability. 


D.C. CHARACTERISTICS 
8085AH, 8085AH-2: Ta = 0°C to 70°C, Voc = 5V +10%, Vsg = OV; unless otherwise specified* 


8085AH-1: Ta = 0°C to 70°C, Voc = 5V +5%, Vss = OV; unless otherwise specified* 


LN, oe yaad 
pan eg iie. Zoe 


Units 

aii aa a Sa 
8 [sans 

| 200 | mA 

Pies 

cei 

ile 

PA ee 


Input Leakage 


0.45V < Vout < Vcc 
VILR Input Low Level, RESET 


Input High Level, RESET (oua te Ayia 
| Vay | Hysteresis, RESET 0.15 Waive FES a ew 


A.C. CHARACTERISTICS 
8085AH, 8085AH-2: Ta = 0°C to 70°C, Voc = 5V +10%, Vgg = OV" 
8085AH-1: Ta = O°C to 70°C, Voc = 5V +5%, Vgg = OV 


Symvot 8085AH (2) | 8085AH-2(2) | 8085AH-1 (2) 
Parameter 


F000 | 200 | 2000 | 167 | 2000 | ne _ 
ae ea Re RE ee 
iz [CLK High Tne (Standard CLK Loading) [120 | | 70 | | so | | rw 
in [OUKResandroitine | fo] fo] 

ina |X ising io CLK sng ~~; 120 | 20 | 100 | 20 

ince |X Rising to CuK ating ~*~ 

inc | Aa-1s Vaio Leading Edge of Conol) | 270 

incr | An=7 Vado Leading Edge of Control | 240 
ny [Ao-tgValdto VeldDetaln 


taFR Address Float after Leading Edge of 
READ (INTA) 


tht 

IXKF 

TACL 

ta. _| Ag_15 Valid before Trailing Edge of ALE (1) 


*NOTE: 
For Extended Temperature EXPRESS use M8085AH Electricals Parameters. 
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| Symbol | 

pM 0 

Mi 2] 

Voie 

| Von 

Power Supply Current 

ist lacie colt = 
iss Ny 

[lio | _OutputLeakage 

Mis 
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A.C. CHARACTERISTICS (Continued) 


| Min | Max | Min | Max | Min | Max_ 
Ao-7 Valid before TrailingEdgeofALE | 90 | | 50 | | 25 | | ns 
| 40 


tALL 
taRY 
CA 


READY Valid from Address Valid 
Address (Ag_15) Valid after Control 


Width of Control Low (RD, WR, INTA) 
Edge of ALE 


Trailing Edge of Control to Leading Edge 
of ALE 


tc 
tc 
tp 

L 


Data Valid to Trialing Edge of WRITE 420 


NO 
part 
a) 


tuape | HLDA to Bus Enable por eet 7 
tyapr | Bus Float after HLDA eee | 
110 


NO 
at 
>) 


tuack | HLDA Valid to Trailing Edge of CLK 
HOLD Hold Time 


INTR Hold Time aay 
INTR, RST, and TRAP Setup Time to 160 
Falling Edge of CLK 
Address Hold Time after ALE 


Trailing Edge of ALE to Leading Edge 130 
of Control 


dl 


t 


tups HOLD Setup Time to Trailing Edge of CLK} 170 


tLoK ALE Low During CLK High 


ai 


| 100_| 
aa 
aes 
140 
aia 
trac _| Trailing Edge of READ to Re-Enabling oe 
of Address 
Svar 
ete 
ae 


Cc 
L 
W 
C 
LL 


11 


try Control Trailing Edge to Leading Edge 
of Next Control 


READ (or INTA) to Valid Data 
Data Hold Time after READ INTA 


READY Hold Time 


READY Setup Time to Leading Edge 110 
of CLK 


Data Valid after Trailing Edge of WRITE | 100 | 


LEADING Edge of WRITE to Data Valid 


pA 
© Oo 


or | «> 
aw 10 r 
< |< ms) 
oO iL a. 


tWDL 


NOTES: 
1. Ag—Ais address Specs apply |O/M, So, and S; except Ag—Aj5 are undefined during T4-Tg of OF cycle whereas |O/M, 
So, and S; are stable. 
2. Test Conditions: tcyc = 320 ns (8085AH)/200 ns (8085AH-2);/167 ns (8085AH-1); C_ = 150 pF. 
3. For all output timing where C ~ 150 pF use the following correction factors: 
25 pF < C, < 150 pF: —0.10 ns/pF 
150 pF < C, < 300 pF: +0.30 ns/pF 
4. Output timings are measured with purely capacitive load. 
5. To calculate timing specifications at other values of tcyc use Table 5. 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 
INPUT/OUTPUT 


DEVICE 


2.0 2.0 


be TEST POINTS eu 


0.45 231718-16 


231718-15 
A.C. Testing: Inputs are driven at 2.4V for a Logic ‘‘1” and 0.45V 


for a Logic ‘0’. Timing measurements are made at 2.0V for a 
Logic ‘1” and 0.8V for a Logic ‘‘O”’. 


C, = 100 pF 
C, Includes Jig Capacitance 


Table 5. Bus Timing Specification as a Tcyc Dependent 


Tsymbot | eousan | oossan2 | aossana —[ 
ia | wars | wero | were | Minimum 
un | war-eo | war-so | qver—e | Minimum 
Mu | wat—e0 | war-e0 | vet 33 iim 
Tuc | ware | war-so | (vet—e8 | Minimum 
us| war-s0 | _war-a0 | _qvat—s8 | inimum 
up| we ent aes | oe cnr 160 | G2 +N 102 | Maximum 
tno | we tnt— 160 | e+ 150 | @e+NT—176 | Maximum 
“we (va = 33 [Minimum 
ea | warsa0 | _war=40 | averse | nim 
ow | @2+nr—6o | wasnt | @2+nt—110 | Minimum 
tcc | we +nr—e0 | went 70 | een 100 | Minimum 
Tuy | wat e60 | wat 200 (| vat 210 | Matimum 
Tunoe | wat=s0 | war-eo | (vat—es | Minimum — 
Timer | wars so | wareso | (vat+er | Matimum 
Ties | war+so | wareso | qvet+er | Matimum 
ee 
my | wat e0 | ware | (vate | Minimum 
wat 40 | _wat—e0 | _wayt—ea | Minimum 
Ty | ware | wate | eat 00 | Minimum 
way = 190 | way 150 | Maximum 


NOTE: 
N is equal to the total WAIT states. T = tcyc. 


1-24 | 


; | of 
} ntel : | 3 8085AH/8085AH-2/8085AH-1 


WAVEFORMS 
CLOCK 


X1 INPUT 


t, ——»| |«—___—_—___ 2 oer | ‘ tf 


CLK ; 
OUTPUT 
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READ 


RD/INTA 
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WRITE 


kK tiox — 

5 
ADDRESS a! 

toa —> 

' -— Lay 

T, 

y sks y DATA OUT ; 
4 2 ry 
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WAVEFORMS (Continued) 


HOLD 


& <= thape- ; 
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READ OPERATION WITH WAIT CYCLE (TYPICAL)—SAME READY TIMING APPLIES TO WRITE 


+- tice > 


(3 


ae ADDRESS » U// 


tuo. —~ tia —~ 


taFR —| |<— 
‘LOR 


ee Sn 0. 5. 


= tic 


tLry 
}~—_—___— tac ——————_e 


—as vr —_—_—_—__——»! trys | trvu trys trvH 


See 7, ae 
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NOTE: 
1. Ready must remain stable during setup and hold times. 
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WAVEFORMS (Continued) 


INTERRUPT AND HOLD 


——— BUS ELGATINGS =—— 
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“NOTE: 
1O/M is also floating during this time. 
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Row ale 


Table 6. Instruction Set Summary 


Instruction Code 
D7 Dg Ds Dg Dg Do Dy Do 


Operations 
Description 


= 
Oo 
< 
m 
i 
e) 
> 
oO 
> 
r 4 
Oo 
” 
= 
o 
m 
m 


MOVrir2|}0 1 DDD S §S S|Move register 
to register 
MOVM.r |0 1 1 1 0 S S S&S |Move register 
: to memory 
MOVr.Mi0 1D DD 1 1° Oj}Move memory 
to register 
MVIr 0 0D DD 1 1+ =O |Move immediate 
register 


MVIM 001 1 0 1 +1 =O }|Move immediate 
memory 


0000 0 0 OQ 1 }Load immediate 
000 1 0 0 0 1 {Load immediate 


10 0 0 0O 1 {Load immediate 


= =| —s 
0) 0) © 
a, a © 
¢?) i¢2) ” 
- oe ost 
© © ro} 
= | “ 
U Uv Uv 
». © So 
“= = = 
et 6 7) w 
Qo go Qo 
(= m '@) 


0 | Store A indirect 
0 | Store A indirect 


0 0.0 01 
ISTAXD [0 00100 1 
Load A indirect 
|LDAXD ) ke ks a, Load A indirect 
Store A direct 
LDA Load A direct 
10 0 1 0 0 0 1 0|StoreH &L direct 
) i 
0 B41 


1 |Exchange D&E, 
H & L Registers 
STACK OPS 
PUSHB |1 1 0 0 0 1 O 1 |Push register Pair 
B & Con stack 
1 1 0 1 0 14 O 1 |Push register Pair 
D&E on stack 
1 1 1 0 0 14 #O 1 |Push register Pair 
H & Lon stack 
PUSH 1 11 £1 0 1 O 1 Push A and Flags 
PSW on stack 
4 1 
1 to 1 
1 1 


PUSH D 


PUSH H 


POP B Oo 0 0 0 0 Pop register Pair 
B & C off’stack 

0 0 0 Pop register Pair 
D & E off stack 

oe 0 0 0.8 Pop register Pair 
H & L off stack 


POP D 
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© 
—>a fas ist ies ie ( O!l=$ |[|O!;1OoO 
oO 


See instruction Code Operations 
D7 Dg Ds Dg Dg Do Dy Do Description 
TACK OPS (Continued) : 

POP PSWit 71 4°40 004 


Pop A and Flags 
off stack 


1 11 0 0 0 1 1 Exchange top of 


stack, H&L 


110 0 1/H&Lto stack 
pointer 


. oa a 


00 110 0 0 1 jLoad immediate 


stack pointer 


00110 0 1 1 {Increment stack 


pointer 
0 0 


pare 
a 
aa: 
i) 


1 1 |Decrement stack 
pointer 


== = ~ x< 
S| 2| &k} 2B] 3 
~” 5 rm = 
U a 


{ 
0 
0 
0 
0 
0 
0 
0 
0 


1 |H & L to program 
counter 


Jump unconditional 


s|5]g 
O Uv 
ee ee 
—_ | ot | 
o};}OoO;o;o 


Jump on carry 
Jump on no carry 
Jump on zero 


N 
) 


Jump on no zero 
Jump on positive 
Jump on minus 


Gl=\s 
m 
PEG yr Oe he | 
wiht, | Salt 
wk feeb Hack rok Pk te 
> Patel at) Pca ae es ees ek 


Jump on parity even 


Jump on parity odd 


S SISISIN 

co N 

as —_ 

"ss wt | aot | ot 
o;oro;-$-i—-1|o;ro;— |— | © 
=— |}~O ;j—$ |}$ fo ;}o j—$ 1|O | + | © 
Oo io toe Tre oe 10 te te 1 o: lS 


0 
a 
= 
Toa 
ee 


: 


ie 
0 0 
0 0 
0 0 
0 
0 
0 
0 
0 


Call unconditional 


Q 
N 
— at, 
a ed om kom kom kon ro 


C Call on carry 


Call on no carry 


QO 
= 
'@) 


Call on zero 
Call on no zero 
Call on positive 


g 
i 


Call on minus 


3 | 2 
m 
— 
ee 
olojc}j/o}]o 


Call on parity even 


1) 1a Toe 

< 

N 

oh 

anh =| ok 
o;o;jH-;27- /O;}oOo;}—- ]~+ | oO 
Oi i= (OO 1OoOj;}]— | oO | — | — 
ee ee ee ee ee ee ee ee 


2) 
U 
O 


Call on parity odd 


D | D 
be 
Bg) a 
ee ae 
Oo 1O 1S 
o};-|]- [oO 
“te | aw | 
Oo 1O'° |. oO 
Oo ro Oo 1O 
= 


0 |Return on carry | 
0 [Return on no carry | 


0 |Return on zero 


DD 


NC 
Z 


¢ 


— 
J 


sl + > | =. 
ees kid : hi 4 , Efe, 
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Table 6. instruction Set Summary (Continued) 


Instruction Code Operations 
D7 Dg D5 Dg D3 D2 Dy Do} Description 


RETURN (Continued) 


ANZ __|1 1 0 0 0 0 0 0|Retumonnozero | 


RP =f 4. 1-1-~«1-0 0 O O|Returnonpositive 
RM {411 4 1 0 0 O|Retumonminus _| 
111 0 1 0 0 O/jReturn on 

{parity even 
11100 0 0 O/Return on 
parity odd 


RESTART 
RST tot A A AY 


Restart 


z 
Uv 
CG 
= 
~ 
Oo 
G 
= 
Uv 
Cc 
| 


i ie! 
a a 


1 OA input 
0 O 1 1 {Output 


uy 


UT 


z 
.?) 
D 
m 
= 
m 
z 
= 
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i¢2) 102) ” id) 
ow Cc w Co 
w w w w 
ORE 1k ee 


0 0 
0 
0 
1 


1 |Increment B & C 
registers 


00010 0 1 1 {incrementD&E 
registers 


00100 0 1 #1 IIincrementH &L 
registers 


1 |Decrement B &C 
1 |Decrement D&E 
1 |Decrement H &L 


100 00 S S S$ /Add register to A 


Increment register 


o};}o 
oO 
oO 
Oo 
O 


oO 
CS Ak) Pek chee 
—~ |O};oO 


Decrement register 


om ke) 


Increment memory 
Decrement memory 
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ADC r 1000 1S S §S |Add register to A 
with carry 

ADD M 10C 0 0 1 14 O{Add memory toA 

ADC M OG 4 0 |Add memory to A 
with carry 

1 


1} 
wal 
ie elke 
oOo };}o 
oO 
> 
Qa 
a 
=| 
= 
@ 
2. 
rat) 
Re 
@ 
ot 
Oo 
> 


° 
> 
roe 
Qa 
3 
3 
o 
Ch 
» 
o 
rol 
> 


0011 
04 1 

with carry 
0 


1|AddB&CtoH&L 


> 
© 


1 
ADB Ore ho. 0 


y 


Instruction Code Operations 
D7 Dg Ds Dg D3 D2 Dy Do Description 
ADD (Continued) 
000110 0 1jAddD&EtoH&L 


001010 0 1/AddH&LtoH&Ll 


0 01 1 1 0 O 1 |Add stack pointer 
toH&L 


SUBTRACT 


100 10 S S §S/|Subtract register 
fr 
r 


O;O0;O 
> |> i> 
PEL ees. 
ox Pog te 
3 


omA 
100 1 1 S S S|Subtract register 
from A with borrow 
100 1.0 1 1 O|Subtract memory 
from A 
100 1 141 1 1 O|Subtract memory — 
from A with borrow 
SUI 1101 0 1 1 O {Subtract immediate 
from A 
1 1 0O/Subtract immediate 
from A with borrow 
LOGICAL 
10100 S$ S §S|And register with A 


1010 1S S S/jExclusive OR 
register with A 
101141 0S S SJOR register 
with A 
04 1 i 


Si eT 


ORAr 


CMP r 1 1 S S S|Compare register 
with A 


1010 0 1 1 OjAnd memory with A 


1010 1 14 +1 O/JExclusive OR memo 
with A 


1 0 1 14 OjJOR memory with A 
1011 £1 #1 #14 O|Compare 
memory with A 
1 1 0 0 1 1 OjAnd immediate 
with A 
1 1 0 ; 
1 : to 


4 ; 
14° aA Exclusive OR 
immediate with A 
1 0 1 1 OjJOR immediate 
with A 
1 1 141 4 =1 =1 +1 O|Compare 
immediate with A 


ANAM 
XRAM 


ORA M 
CMP M 


ae re, 


A 


NI 
XRI 
CPI 
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Table 6. Instruction Set Summary (Continued) 


instruction Code Operations instruction Code Operations 
D7 Dg Ds Dg D3 D2 Dy Do} Description D7 Dg Ds Dg D3 D2 Dy Do| Description 
CONTROL 


el ]4 4 1 1 4 0 14 [Enable Interrupts 


1 1 Rotate A left 


P 
‘enh? 
oe 
o|o 
o1|Co]o 
=-|o]/o 
o}j—+|o 
me re 


11 |Rotate A right (ce ae 1 |Disable Interrupt 
RAL 0 0 1 1 [Rotate A left 00 0 0 
through carry 


through carry 
SPECIALS 


2) 
= 
> 
: 


1 
1 


Complement A 


001 0 0 0 O O {Read Interrupt 
Mask 
IsiM ss | 0-0 1-1 0 0 O O|Setinterrupt Mask 


Set carry 


o 
Oo 


QO;}n 
0 }O 
a> J (hk = ) 
© '©.'O 
ah | at | at | ah 
o;ms | | oO 
ol-alo|—a 
ath | ak | at | aot 
awh | at | at | oh 
QO 

fe) 

3 

acd 

@ 

3 

@ 

pa | 

roma 

oO 

pe) 

= 

2 


1 |Decimal adjust A 


NOTES: 

1. DDS or SSS: B 000, C 001, D 010, E011, H 100, L101, Memory 110, A 111. 

2. Two possible cycle times (6/12) indicate instruction cycles dependent on condition flags. 
*All mnemonics copyrighted © Intel Corporation 1976. 
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8155H/8156H/8155H-2/8156H-2 
2048-BIT STATIC HMOS RAM 


WITH I/O PORTS AND TIMER 

m@ Single + 5V Power Supply with 10% = 1 Programmable 6-Bit I/O Port 

Voltage Margins g Programmable 14-Bit Binary Counter/ 
g@ 30% Lower Power Consumption than Timer 

the 8155 and 8156 = Compatible with 8085AH and 8088 CPU 
m 256 Word x 8 Bits mw Multiplexed Address and Data Bus 
= Completely Static Operation g Available in EXPRESS 
m@ Internal Address Latch — Standard Temperature Range 
m 2 Programmable 8-Bit I/O Ports — Extended Temperature Range 


The Intel 8155H and 8156H are RAM and I/O chips implemented in N-Channel, depletion load, silicon gate 
technology (HMOS), to be used in the 8085AH and 8088 microprocessor systems. The RAM portion is 
designed with 2048 static cells organized as 256 x 8. They have a maximum access time of 400 ns to permit 
use with no wait states in 8085AH CPU. The 8155H-2 and 8156H-2 have maximum access times of 330 ns for 
use with the 8085H-2 and the 5 MHz 8088 CPU. 


The I/O portion consists of three general purpose |/O ports. One of the three ports can be programmed to be 
status pins, thus allowing the other two ports to operate in handshake mode. 


A 14-bit programmable counter/timer is also included on chip to provide either a square wave or terminal 
count pulse for the CPU system depending on timer mode. 


PC, 

PC, 
TIMER IN 
RESET 
AD. 7 256 X 8 PC, 
STATIC TIMER OUT 

RAM 10/M 


96 renee CE OR CE* 
PBy~7 RD 
WR 
ALE 


1 

2 
3 
4 
5 
6 
7 
8 
9 


RD 
AD, 
wR -——_ AD, 
PCy « AD, 
RESET AD, 


TIMER CLK aD 
TIMER OUT Vgg (OV) aD; 
Vss 
231719-1 
*8155H/8155H-2 = CE, 8156H/8156H-2 = CE 231719-2 
Figure 1. Block Diagram Figure 2. Pin Configuration 


December 1986 
Order Number: 231719-001 1-31 
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Table 1. Pin Description 


RESET: Pulse provided by the 8085AH to initialize the system (connect to 
8085AH RESET OUT). Input high on this line resets the chip and initializes the 
three I/O ports to input mode. The width of RESET pulse should typically be 
two 8085AH clock cycle times. 


ADDRESS/DATA: 3-state Address/ Data lines that interface with the CPU 
lower 8-bit Address/Data Bus. The 8-bit address is latched into the address 
latch inside the 8155H/56H on the falling edge of ALE. The address can be 
either for the memory section or the |/O section depending on the |O/M input. 
The 8-bit data is either written into the chip or read from the chip, depending 
on the WR or RD input signal. 


CHIP ENABLE: On the 8155H, this pin is CE and is ACTIVE LOW. On the 
8156H, this pin is CE and is ACTIVE HIGH. 


READ CONTROL: Input low on this line with the Chip Enable active enables 
and ADo-7 buffers. If |O/M pin is low, the RAM content will be read out to the 
AD bus. Otherwise the content of the selected I/O port or command/status 
registers will be read to the AD bus. 


WRITE CONTROL: Input low on this line with the Chip Enable active causes 
the data on the Address/Data bus to be written to the RAM or I/O ports and 
command/status register, depending on |O/M. 


ADDRESS LATCH ENABLE: This control signal latches both the address on 
the ADg-_7 lines and the state of the Chip Enable and |O/M into the chip at the 
falling edge of ALE. 


I/O MEMORY: Selects memory if low and |/O and command/status registers - 
if high. 

PORT A: These 8 pins are general purpose I/O pins. The in/out direction is 
selected by programming the command register. 

PORT B: These 8 pins are general purpose |/O pins. The in/out direction is 
selected by programming the command register. 


PCo_5 (6) 1/O PORT C: These 6 pins can function as either input port, output port, or as 
control signals for PA and PB. Programming is done through the command 
register. When PCo_s are used as control signals, they will provide the 
following: 

PCo—A INTR (Port A Interrupt) 
PC,—ABF (Port A Buffer Full) 
-PCo—A STB (Port A Strobe) 
PC3—B INTR (Port B Interrupt) 
PC,—B BF (Port B Buffer Full) 
PCs5—B STB (Port B Strobe) 


TIMER IN TIMER INPUT: Input to the timer-counter 


TIMER OUT TIMER OUTPUT: This output can be either a square wave or a pulse, 
depending on the timer mode. 
VOLTAGE: + 5V supply. 


Vss GROUND: Ground reference. 


1-32 : 


= Z 
intel : ; 8155H/8156H/8155H-2/8156H-2 


FUNCTIONAL DESCRIPTION 


The 8155H/8156H contains the following: 
e 2K Bit Static RAM organized as 256 x 8 


e Two 8-bit |/O ports (PA & PB) and one 6-bit I/O aaa 
Mase 


if 
e 14-bit timer-counter 


The 10/M (l1O/Memory Select) pin selects either the 
five registers (Command, Status, PAgp_7, PBo-7, 
PCo_5) or the memory (RAM) portion. 


8-BIT INTERNAL DATA BUS 


The 8-bit address on the Address/Data lines, Chip 
Enable input CE or CE, and IO/M are all latched on- 
chip at the falling edge of ALE. 


aaa 


231719-4 
For detailed timing information, see Figure 12 and A.C. Characteristics. 


Figure 4. 8155H/8156H On-Board Memory Read/Write Cycle 
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PROGRAMMING OF THE COMMAND 
REGISTER 


The command register consists of eight latches. 
Four bits (0-3) define the mode of the ports, two bits 
(4-5) enable or disable the interrupt from port C 
when it acts as control port, and the last two bits 
(6-7) are for the timer. 


The command register contents can be altered at 
any time by using the |/O address XXXXX000 during 
a WRITE operation with the Chip Enable active and 


intel. 


READING THE STATUS REGISTER 


The status register consists of seven latches, one 
for each bit; six (0-5) for the status of the ports and 
one (6) for the status of the timer. 


The status of the timer and the I/O section can be 
polled by reading the Status Register (Address 
XXXXX000). Status word format is shown in Figure 
6. Note that you may never write to the status regis- 
ter since the command register shares the same I/O 
address and the command register is selected when 


|O/M = 1. The meaning of each bit of the command 
byte is defined in Figure 5. The contents of the com- 
mand register may never be read. 


a write to that address is issued. 


1 = OUTPUT 


DEFINES PAg7 
0 = INPUT 


DEFINES PBo.7 


00 = ALT 1 
DEFINES PCos A a he 

10 = ALT 4 
ENABLE PORT A 
INTERRUPT 


ENABLE PORT B 
INTERRUPT 


1 = ENABLE 
0 = DISABLE 


NOP — DO NOT AFFECT COUNTER 
OPERATION 


STOP — NOP IF TIMER HAS NOT STARTED; 
STOP COUNTING IF THE TIMER IS 
RUNNING 


STOP AFTER TC — STOP IMMEDIATELY 
AFTER PRESENT TC IS REACHED (NOP 
IF TIMER HAS NOT STARTED) 


START — LOAD MODE AND CNT LENGTH 
AND START IMMEDIATELY AFTER 
LOADING (IF TIMER IS NOT PRESENTLY 
RUNNING). IF TIMER IS RUNNING, START 
THE NEW MODE AND CNT LENGTH 
IMMEDIATELY AFTER PRESENT TC 

1S REACHED. 


TIMER COMMAND 


231719-5 


Figure 5. Command Register Bit Assignment 


AD7 ADg ADs ADg AD3 AD2 AD; ADg 
S<]rimer INTE] B JINTRIINTE INTR 
Van B | BFi| BIA A 
PORT A INTERRUPT REQUEST 


PORT A BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT A INTERRUPT ENABLE 


PORT B INTERRUPT REQUEST 


PORT B BUFFER FULL/EMPTY 
(INPUT/OUTPUT) 


PORT B INTERRUPT ENABLED 


TIMER INTERRUPT (THIS BIT 
1S LATCHED HIGH WHEN 
TERMINAL COUNT IS 
REACHED, AND IS RESET TO 
LOW UPON READING OF THE 
C/S REGISTER AND BY 
HARDWARE RESET). 
231719-6 


Figure 6. Status Register Bit Assignment 
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INPUT/OUTPUT SECTION 


The !/O section of the 8155H/8156H consists of 
five registers: (see Figure 7.) 


¢ Command/Status Register (C/S)—Both regis- 
ters are assigned the address XXXXX000. The 
C/S address serves the dual purpose. 
When the C/S registers are selected during 
WRITE operation, a command is written into the 
command register. The contents of this register 
are not accessible through the pins. 
When the C/S (XXXXX000) is selected during a 
READ operation, the status information of the I/O 
ports and the timer becomes available on the 
ADo-7 lines. 


e PA Register—This register can be programmed 
to be either input or output ports depending on 
the status of the contents of the C/S Register. 
Also depending on the command, this port can 
operate in either the basic mode or the strobed 
mode (see timing diagram). The I/O pins as- 
signed in relation to this register are PAg_7. The 
address of this register is XXXXX001. 


e PB Register—This register functions the same 
as PA Register. The I/O pins assigned are 
PBo-_7. The address of this register is XXXXX010. 


e PC Register—This register has the address 
XXXXX011 and contains only 6 bits. The 6 bits 
can be programmed to be either input ports, out- 
put ports or as control signals for PA and PB by 
properly programming the AD»o and AD3 bits of 
the C/S register. 

When PCo_5 is used as a control port, 3 bits are 
assigned for Port A and 3 for Port B. The first bit 
is an interrupt that the 8155H sends out. The sec- 
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ond is an output signal indicating whether the 
buffer is full or empty, and the third is an input pin 
to accept a strobe for the strobed input mode. 
(See Table 2.) 


When the ‘C’ port is programmed to either ALT3 or 
ALT4, the control signals for PA and PB are initial- 
ized as follows: 


| Control _ Input Mode Output Mode 


Low Low 
INTR Low High 
STB Input Control Input Control 


[A7|A6|AS|A4|A3|A2|A1|A0 
X1|X}|X|X}X}O0; 0] 0 


Interval Command/ Status 
Register 


X|X}|X}]X|X]O] 0] 1 |General Purpose I/O Port A 
X|X]X]X | X]0] 1] 0 |General Purpose I/O Port B 
X|X|X}X| X10] 11] 1 |PortC—General Purpose 


1/O or Control 
Low-Order 8 bits of Timer 
Count 

High 6 bits of Timer Count 
and 2 bits of Timer Mode 


X: Don’t Care. 

t: 1/O Address must be qualified by CE = 1 (8156H) or CE 
= 0 (8155H) and |O/M = 1 in order to select the appropri- 
ate register. 


Figure 7. 1/O Port and Timer Addressing Scheme 


Figure 8 shows how I/O PORTS A and B are struc- 
tured within the 8155H and 8156H: 


8155H/8156H One Bit of Port A or Port B 


OUTPUT 
oD LATCH 


CLK CLR 


” 
= 
rs) 
< 
- 
<x 
Q 
= 
< 
2 
o 
Ww 
= 
é 


NOTES: 

(1) Output Mode 
(2) Simple Input 

(3) Strobed Input 


Multiplexer 
Control (4) 


MODE(4) 
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1 for Output Mode 
0 for Input Mode 


READ Port = (IO/M = 1) © (RD = 0) @ (CE Active) e (Port Address Selected) 
WRITE Port = (lIO/M = 1) © (WR = 0) @ (CE Active) e (Port Address Selected) 


Figure 8. 8155H/8156H Port Functions 
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Table 2. Port Control Assignment 


Input Port Output Port 
Note in the diagram that when the I/O ports are pro- 
grammed to be output ports, the contents of the out- 
put ports can still be read by a READ operation 
when appropriately addressed. 


The outputs of the 8155H/8156H are “glitch-free” 
meaning that you can write a “1” to a bit position 
that was previously “1” and the level at the output 
pin will not change. 


Note also that the output latch is cleared when the 
port enters the input mode. The output latch cannot 
be loaded by writing to the port if the port is in the 
input mode. The result is that each time a port mode 
is changed from input to output, the output pin will 
go low. When the 8155H/56H is RESET, the output 
latches are all cleared and all 3 ports enter the input 
mode. 


When in the ALT 1 or ALT 2 modes, the bits of 
PORT C are structured like the diagram above in the 
simple input or output mode, respectively. 


Reading from an input port with nothing connected 
to the pins will provide unpredictable results. 


Figure 9 shows how the 8155H/8156H I/O ports 
might be configured in a typical MCS®-85 system. 


TO 8085AH RST INPUT 


A INTR (SIGNALS DATA RECEIVED) 
A BF (SIGNALS DATA READY) ; 
A STB (ACKNOWL. DATA RECEIVED) 
B STB (LOADS PORT B LATCH) 

B BF (SIGNALS BUFFER IS FULL) 


B INTR (SIGNALS BUFFER 
READY FOR READING) 


TO/FROM 
PERIPHERAL 
INTERFACE 


TO INPUT PORT (OPTIONAL) 


TO 8085AH RST INPUT 
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Figure 9. Example: 
Command Register = 00111001 
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Input Port Output Port A INTR (Port A Interrupt) AINTR (Port A Interrupt) 
Input Port Output Port A BF (Port A Buffer Full) A BF (Port A Buffer Full) 
Input Port Output Port A STB (Port A Strobe) A STB (Port A Strobe) 

Input Port Output Port Output Port B INTR (Port B Interrupt) 
Input Port Output Port Output Port B BF (Port B Buffer Full) 


Output Port B STB (Port B Strobe) 


TIMER SECTION 


The time is a 14-bit down-counter that counts the 
TIMER IN pulses and provides either a square wave 
or pulse when terminal count (TC) is reached. 


The timer has the I/O address XXXXX100 for the 
low order byte of the register and the I/O address 
XXXXX101 for the high order byte of the register. 
(See Figure 7.) 


To program the timer, the COUNT LENGTH REG is 
loaded first, one byte at a time, by selecting the tim- 
er addresses. Bits 0-13 of the high order count reg- 
ister will specify the length of the next count and bits 
14-15 of the high order register will specify the timer 
output mode (see Figure 10). The value loaded into 
the count length register can have any value from 
2H through 3FFFH in Bits 0-13. 


7 6 5 4 3 2 1 0 

Cn 
Bartana hall ceearmaramnncceinl ight eet 
TIMER MODE 


MSB OF CNT LENGTH . 


a ee ee She ee ee is 
aR Ries AI, AE SES 
LSB OF CNT LENGTH 
231719-9 


Figure 10. Timer Format 


There are four modes to choose from: M2 and M1 
define the timer mode, as shown in Figure 11. 


TIMER OUT WAVEFORMS: 


START TERMINAL TERMINAL 
COUNT COUNT COUNT 


{ 


. SINGLE 
SQUARE WAVE 


. CONTINUOUS 
SQUARE WAVE 


. SINGLE 
PULSE ON 
TERMINAL COUNT 


. CONTINUOUS 
PULSES 


Keser rpai: ' taramenmens ry 
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Figure 11. Timer Modes 


a 
intel. 
Bits 6-7 (TMo and TM;,) of command register con- 


tents are used to start and stop the counter. There 
are four commands to choose from: 


TMa TM, 
0 0 NOP—Do not affect counter operation. 
0 1 STOP—NOP if timer has not started; stop 
counting if the timer is running. 
1 0 STOP AFTER TC—Stop immediately after 


present TC is reached (NOP if timer has not 
started) 

START—Load mode and CNT length and 
start immediately after loading (if timer is not 
presently running). If timer is running, start 
the new mode and CNT length immediately 
after present TC is reached. 


Note that while the counter is counting, you may 
load a new count and mode into the count length 
registers. Before the new count and mode will be 
used by the counter, you must issue a START com- 
mand to the counter. This applies even though you 
may only want to change the count and use the pre- 
vious mode. 


In case of an odd-numbered count, the first half-cy- 
cle of the squarewave output, which is high, is one 
count longer than the second (low) half-cycle, as 
shown in Figure 12. 
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NOTE: 
5 and 4 refer to the number of clocks in that time peri- 
od. 


Figure 12. Asymmetrical Square-Wave Output 
Resulting from Count of 9 
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The counter in the 8155H is not initialized to any 
particular mode or count when hardware RESET oc- 
curs, but RESET does stop the counting. Therefore, 
counting cannot begin following RESET until a 
START command is issued via the C/S register. 


Please note that the timer circuit on the 8155H/ 
8156H chip is designed to be a square-wave timer, 
not an event counter. To achieve this, it counts 
down by twos twice in completing one cycle. Thus, 
its registers do not contain values directly represent- 
ing the number of TIMER IN pulses received. You 
cannot load an initial value of 1 into the count regis- 
ter and cause the timer to operate, as its terminal 
count value is 10 (binary) or 2 (decimal). (For the 
detection of single pulses, it is suggested that one of 
the hardware interrupt pins on the 8085AH be used.) 
After the timer has started counting down, the val- 
ues residing in the count registers can be used to 
calculate the actual number of TIMER IN pulses re- 
quired to complete the timer cycle if desired. To ob- 
tain the remaining count, perform the following oper- 
ations in order: 


1. Stop the count 

2. Read in the 16-bit value from the count length 
registers 

3. Reset the upper two mode bits 

4. Reset the carry and rotate right one position all 16 
bits through carry 


5. lf carry is set, add 14 of the full original count (14 
full count—1 if full count is odd). 


NOTE: 
If you started with an odd count and you read the 
count length register before the third count pulse 
occurs, you will not be able to discern whether one 
or two counts has occurred. Regardless of this, the 


~ 8155H/56H always counts out the right number of 


pulses in generating the TIMER OUT waveforms. 


1-37 


8155H/8156H/8155H-2/8156H-2 intel ® 


8085AH MINIMUM SYSTEM e 2K Bytes EPROM 
CONFIGURATION e 38 |/O Pins 
e 1 Interval Timer 


Figure 13a shows a minimum system using three 
4 Interrupt Levels 


chips, containing: 
e 256 Bytes RAM 


| 


= 


re Ss 
te = een 
Ss 
bei 
Bo OS 5 el: GE 
V 


Ss 


RESET 


TIMER 


8755A [EPROM + I/O] 
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Figure 13a. 8085AH Minimum System Configuration (Memory Mapped I/O) 
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8088 FIVE CHIP SYSTEM e 38 I/O Pins 


e 1 Interval Timer 


Figure 13b shows a five chip system containing: © 2 Interrupt Levels 


e 1.25K Bytes RAM 
e 2K Bytes EPROM 


10/M TIMER 
reset OUT 


As—Aig ADDR 


Vec 
d x. 
\. GND 
ae: 
MANUAL oe 
GND RESET re 
(Vss) ©) 


te ee oe a | 


231719-13 


Figure 13b. 8088 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


Temperature UNGEE BRAS ovis... + ++ ee Tie *WARNING: Stressing the device beyond the “‘Absolute 
Storage Temperature .......... —65'C lo + 150°C Maximum Ratings” may cause permanent damage. 
Voltage on Any Pin These are stress ratings only. Operation beyond the 
with Respect to Ground.......... —0.5V to +7V “Operating Conditions” is not recommended and ex- 
th Be tended exposure beyond the “Operating Conditions” 

FOWES DIRSDGUOU ois i cha in kes scanean tens 1.5W may affect device reliability. 


D.C. CHARACTERISTICS Ty, = 0°C to 70°C, Voc = 5V +10% 


Input Low Voltage 
Input High Voltage 


symbol | 
ono 


li (CE) Chip Enable Leakage 
8155H 


Parameter 


Address to Latch Setup Time 
Address Hold Time after Latch 
ttc _| Latch to READ/WRITE Control 
Valid Data Out Delay from READ Control ee 
tLp Latch to Data Out Valid bee 
m 
[Data us FloataferREAD—SSSC«dYSC 


2 
2 
[READ/WRITE Contolwath =| a0 | 
(aes 
: ees 
cae 


Recovery Time between Controls 
WRITE to Port Output mes 
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A.C. CHARACTERISTICS T, = 0°C to 70°C, Voc = 5V + 10% (Continued) 


cm 
em 
Frese | Stove euterrul ‘| ——*| ao | —*| a0 | re 
Mes | Stobewan SSS moo] mr 
Vinse | READWBuierEney = Si mo |e 
0 
Tinoy | READY INTRON 
Tess | Por'Seup Timo toSrobe 
ia 
= 


Port Hold Time After Strobe 
Strobe to Buffer Empty 
WRITE to Buffer Full 


cee 

eee 

ea) 

et 

WRITE to INTR Off Par a a 
tr TIMER-IN to TIMER-OUT Low Fosaest ee 
ae 

20... 


try TIMER-IN to TIMER-OUT High 

Pinos | Data Bus Enable trom READ Conta 
Ty TIMERANLow Time 
Ce TIMERAN High Time 


twT WRITE to TIMER-IN 
(for writes which start counting) 
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 
2.4 


DEVICE 


2.0 2.0 
a TEST POINTS i “TEST. 
0.8 0.8 


C, = 150 pF 


0.45 
231719-14 
A.C. testing: inputs are driven at 2.4V for a logic “1” and 0.45V for 
a logic “0”. Timing measurements are made at 2.0V for a logic 231719-15 
1” and 0.8V for a logic “0”. C. = 150 pF 


C, Includes Jig Capacitance 
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8155H/8156H/8155H-2/8156H-2 in 


WAVEFORMS 


READ 


CE (81554) 


OR 


CE (8156H) 


—th, 


231719-16 


WRITE 


CE (8155H) 
OR 


CE (8156) 


TAL 


tla —— —— tow ——— a—— toy 


= ——{ . 
tei 4 \ 


TIMER IN 


231719-17 
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a : 
intel ® 8155H/8156H/8155H-2/8 156H-2 


WAVEFORMS (Continued) 


STROBED INPUT 


INPUT DATA 
FROM PORT 


231719-18 


STROBED OUTPUT 


BF 


STROBE 


OUTPUT DATA 
TO PORT 


231719-19 


BASIC INPUT 


OUTPUT 


231719-21 


231719-20 
*Data Bus Timing is shown in Figure 7. 
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vy-l 


LOAD COUNTER FROM CLR ——e RELOAD COUNTER FROMCLR —+# 
| 2 | 1 | 2 | 1 


—/t; |< —-- 


TIMER IN 


L OL S NOUS NMOGLNNOD LNdLNO YSAWIL 


TIMER OUT ‘ / 
= == a= aa J 


TIMER OUT \ 4 


(SQUARE WAVE) \ (NOTE 1} / 


Ye cee ee ee ow oe oe of 


231719-22 


NOTE: 
1. The timer output is periodic if in an automatic reload mode (M; Mode bit = 1). 


(penuiucd) SAHOASAWM 


oo 
=k 
Oo 
ou 
a 
~ 
foe) 
-_ 
or 
oe 
— 
~ 
fee) 
oh 
oa 
on 
= 
RO 
~ 
oO 
otk 
or 
coz) 
+ 
Ls) 


intel. 
8185/8185-2 
1024 x 8-BIT STATIC RAM FOR MCS®-85 


m Multiplexed Address and Data Bus m@ Low Standby Power Dissipation 
@ Directly Compatible with 8085AH and = Single +5V Supply 


6088 Microprocessors m High Density 18-Pin Package 
m@ Low Operating Power Dissipation 


The Intel 8185 is an 8192-bit static random access memory (RAM) organized as 1024 words by 8-bits using N- 
channel Silicon-Gate MOS technology. The multiplexed address and data bus allows the 8185 to interface 
directly to the 8085AH and 8088 microprocessors to provide a maximum level of system integration. 


The low standby power dissipation minimizes system power requirements when the 8185 is disabled. 


The 8185-2 is a high-speed selected version of the 8185 that is compatible with the 5 MHz 8085AH-2 and the 
5 MHz 8088. 


231450-2 
Figure 2. Pin Configuration 


Pin Names 


Address/ Data Lines 
Address Lines 

Chip Select 
231450-1 Chip Enable (l1O/M) 
Figure 1. Block Diagram | Chip Enable 
Address Latch Enable 
Write Enable 
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intel. 8185/8 185-2 


FUNCTIONAL DESCRIPTION 


The 8185 has been designed to provide for direct 
interface to the multiplexed bus structure and bus 
timing of the 8085A microprocessor. 


At the beginning of an 8185 memory access cycle, 
the 8-bit address on ADo-_7, Ag and Ag, and the 
status of CE; and CEp are all latched internally in 
the 8185 by the falling edge of ALE. If the latched 
status of both CE; and CE» are active, the 8185 
powers itself up, but no action occurs until the CS 
line goes low and the appropriate RD or WR control 
signal input is activated. 


The CS input is not latched by the 8185 in order to 
allow the maximum amount of time for address de- 
coding in selecting the 8185 chip. Maximum power 
consumption savings will occur, however, only when 
CE; and CE are activated selectively to power 
down the 8185 when it is not in use. A possible con- 
nection would be to wire the 8085A’s IO/M line to 
the 8185’s CE, input, thereby keeping the 8185 
powered down during I/O and interrupt cycles. 


Table 1. Truth Table for 
Power Down and Function Enable 


8185 Status 
Power Down and 
Function Disable(1) 
Power Down and 
Function Disable(1) 


Powered Up and 
Function Disable() 
Powered Up and 
Enabled 


NOTES: 
X = Don’t Care. 
1: Function Disable implies Data Bus in high impedance 
state and not writing. 
2: CS* = (CE; = 0) < (CEp = 1) x (CS = 0). 

CS* = 1 signifies all chip enables and chip select ac- 
tive. 

Table 2. Truth Table for 
Control and Data Bus Pin Status 231450-3 


cx rare 
|0 |X| X [Hilmpedance _|NoFunction 
| 1 |0| 1 [DatatromMemory [Read 
| 1 [1] 0 [DatatoMemory [Write 
eg ene, Reading, but not 

Driving Data Bus 


NOTE: 
= Don’t Care. 


Figure 3. 8185 in an MCS®-85 System 


4 Chips: 
2K Bytes EPROM 
1.25K Bytes RAM 
38 |/O Lines 
1 Counter/Timer 
2 Serial I/O Lines 
5 Interrupt Inputs 
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intel. 8185/8185-2 


iAPX 88 FIVE CHIP SYSTEM: 


e 1.25K Bytes RAM 
e 2K Bytes EPROM 
e 38 I/O Pins 

e 1 Internal Timer 
e 2 Interrupt Levels 


~ ADOR 


ADOR/DATA 


cor eee geo psy pacman 


apy" 


Vss Vcc Yoo 


» 
| GND 
MANUAL ae 
GND RESET 6° 8 
(Vss) ©) 


— 


231450-4 


Figure 4. iAPX 88 Five Chip System Configuration 
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ABSOLUTE MAXIMUM RATINGS* 


8185/8185-2 


ot esngescb NO EIAB ti 00'S oh dae O'C to + 70°C = S WARINNING: Stressing the device beyond the “Absolute 
torage emperature is twandeel 65°C 0 + 160°C Maximum Ratings” may cause permanent damage. 
Voltage on Any Pin These are stress ratings only. Operation beyond the 

with Respect to Ground.......... —0.5V to +7V “Operating Conditions” is not recommended and ex- 
Power Dissipation.................c0eeeeee: 1.5W ‘ended exposure beyond the “Operating Conditions” 


may affect device reliability. 


D.C. CHARACTERISTICS Tx = 0°C to 70°C, Voc = 5V +10% 


Voc Supply Current 
Powered Up 


Oe ie Se eee 


Powered Down 


A.C. CHARACTERISTICS Ty, = 0°C to 70°C, Voc = 5V + 10% 


Can [win [wa a 


[tu | Aderesstouatonsstuptime | so | | | | ne 
Tun | Adress Hold Time ateruatcn | eo | [| 0 | | ne 
Tug | batch to READ/WRITE Conor | 100 | | 0 | | ne 
[tao | Vat Data Out Delay tom READ Gonwal |__| 170 | | 100 | ne 
Tip | Aewdetaouvais =| SS*Y ato] S* (at |e 
tn | tatcnensbiowan Si neo ft |e 
“aor | Bata Gus Float aterAEAD———+(| 0 | 10 | 0 |e | ne 
to, | READ/WRITE GontoltoLatchEnabie [20 |_| 10 | [ne 
[tec | READ/WRITE Gontolwidth | 260 | [| 200 | [ne 
tow | Data nto WRITE Set UpTing | 100 | | 1560] [mw 
[two | Data nHoldTimeaterwriTe [20 | [20 | | ne 
tec | Grip Select Set ptoconvoitine | 10 | [| 10 | | ne 
[tes | Chip Select Hots Time atrconvor | 10 | [| 10 | | ne 
twice | chip Enable Set UptoaLe Faling | 30 | [| 10 | | ne 
[ace | GhipenabloHoldTime ateraLe | so || 20 | | = 
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A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


INPUT/OUTPUT 


i DEVICE 
om UNDER 


TEST 
= TEST POINTS < C, = 150 pF 


0.8 
0.45 


231450-5 


A.C. Testing: Inputs Are Driven at 2.4V for a Logic “1” and 
0.45V for a Logic “0.” Timing Measurements Are Made at C, = 150 oF 
2.0V for a Logic “1” and 0.8V for a Logic ‘‘0.” L 


231450-6 


C, Includes Jig Capacitance 


WAVEFORM 


TALCE ——> 


(| ADDRESS * (READ CYCLE) 


tLo 


ADORESS - { WRITE DATA ) (WRITE CYCLE) 


(SELECTED) (DESELECTED) 


231450-7 
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intel. 
8224 
CLOCK GENERATOR AND DRIVER 


FOR 8080A CPU 


m Single Chip Clock Generator/Driver for m Crystal Controlled for Stable 
8080A CPU System Operation 
m Power-Up Reset for CPU m Reduces System Package Count 
m Ready Synchronizing Flip-Flop @ Available in EXPRESS 
= Advanced Status Strobe — Standard Temperature Range 
m Oscillator Output for External System = Available in 16-Lead Cerdip Package 


ita i # 
Timin g (See Packaging Spec, Order #231369) 


The Intel 8224 is a single chip clock generator/driver for the 8080A CPU. It is controlled by a crystal, selected 
by the designer to meet a variety of system speed requirements. 


Also included are circuits to provide power-up reset, advance status strobe, and synchronization of ready. 


The 8224 provides the designer with a significant reduction of packages used to generate clocks and timing 
for 8080A. 


RESET C1 161 Veg 
RESIN CJ 2 159 xTAL1 
ROYIN 93 1490) xTAL2 
READY [4 13{0J TANK 

[is> xraut 

OSCILLATOR tz sync [95 127] osc 
[i4> xtar2 > (TTL) 6 11D 6, 
[s> tank sTst6 47 107 6, 


Ci» GND (js 915) Voy 
231464-2 


(TTL) 
" [> TREE [ Reset input 
for Crystal 
RDYIN | Ready Input XTAL 2 bi 

TANK Used with Overtone XTAL 

SCHMITT Oscillator Output 
RESET [> 
INPUT 
Status STB do (TTL) | do CLK (TTL Level) 

reany [4> (Active Low) +5V 


[5> sync 
[> mn 


[3> rovin 


OV 


231464-1 
Figure 1. Block Diagram 
| Figure 2. Pin Configuration 


November 1992 
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intel. 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias............ 0°C to + 70°C 
Storage Temperature .......... -6S'C16 + 150°C 
Supply Voltage, Voc.............-. —O0.5V to +7V 
Supply Voltage, Vpp............ ~0.5V to -F 13.5V 
TEM VORGEG i ads niee big besos Bees —7.5V to + 7V 
Cet CURPOIE os Clee hoes oe ceo ee 100 mA 


D.C. CHARACTERISTICS 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings’”’ may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 


xs 


tended exposure beyond the “Operating Conditions 
may affect device reliability. 


Ta = 0°C to +70°C, Voo = +5.0V +5%, Vop = +12V +5% 


Parameter 


Tin | Input Leakage Curent 


Input ‘‘Low” Voltage 
Input “High” Voltage 


RESIN Input Hysteresis 


VoL Output “Low” Voltage 


VOH Output “High” Voltage 
$4, bo 


READY, RESET 


All Other Outputs 


no © 

aS aS 
< 
me) 


NOTE: 


Limits co Test Conditions 


Tice | Power Supply Curent || | 6 | m 
‘ino | Power Supply Gurent | [| 


($4, 69), Ready, Reset, STSTB 


lo. = 2.5mA 


are 
sone 
eae 
All Other Outputs 
lo. = 15mA 
sores 
Nee 
| 115 
peed 


lon = —100 pA 


loH = —100 pA 
Eeiae 


12 


1. For crystal frequencies of 18 MHz connect 5102 resistors between the X1 input and ground as well as the X2 input and 


ground to prevent oscillation at harmonic frequencies. 


Crystal Requirements 


Tolerance: 0.005% at 0°C-70°C 
Resonance: Series (Fundamental) * 
Load Capacitance: 20 pF-35 pF 
Equivalent Resistance: 750-200 


Power Dissipation (Min): 4 mW 


*NOTE: 
With tank circuit use 3rd overtone mode. 
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8224 | | intel § 
A.C. CHARACTERISTICS 

| Limits | Test 
eee 


at “9. 
5tc 
9 
[ior | drtodedeey | 0 
at 
pee 
9 


CL = 20 pF to 50 pF 


bo to o; Delay 2tcy _ 5a in 
9 


N 

- 

(3) 
< 


1 and do Rise Time 
1 and oo Fall Time 


ce 
cai apes wade 
6t 
fees | $a to STSTB Delay a tot. 
= Ions 
9 
i 4 
RDYIN Setup Time to | 5) 1. 4tcy 
Status Strobe 9 
om B. 
ns 


ho TTL, CL = 30 
R; = 3000 
Ro = 6000 


a 


15 
27 


[°?) 

a 

2) 
< 


STSTB, C, = 15 pF 
Ry = 2K 
Ro = 4K 


;' RDYIN Hold Time 4tcy 
DRH after STSTB 


RDYIN or RESIN to 4icy 

so 25 
do Delay 9 
Maximum Oscillating 
Frequency 


a Input Capacitance 


NOTE: 
These formulas are based on the internal workings of the part and intended for customer convenience. Actual testing of the 
part is done at tpy = 488.28 ns. 


Ready & Reset 


ewes ; 


to 
to2 
to1 
F 
PW 
tor 
Cin 


Vpop = +12V 
VeiAsS = 2.5V 
f.=+1.MHz 
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A.C. CHARACTERISTICS (Continued) 
For tcy = 488.28 ns; Ta = 0°C to 70°C, Vocg = +5V +5%, Vpp = +12V +5% 


_Min | Typ | Max 


toy «| da Puloowidin fee | toy = 488.28 ns 
t 


Delay $1 to do 


ob; & bo Loaded to 
CL = 20 pF to 50 pF 


Delay 2 to 


| 236 
one 2! bea. | 
pte | 95 
tos __| Delay $1 to da Leading Edges | 109 
(t | OutputRise Time | 
eae ee 
toss | 296 
toge rears 


Output Fall Time 
do to STSTB Delay 


D3 
4 ho to bo (TTL) Delay 

Status Strobe Pulse Width 

| tors _| RDYIN Setup Time to STSTB 

tpn | RDYIN Hold Time after STSTB | 217 
READY or RESET 
to do Delay 

Oscillator Frequency Pa 


A.C. TESTING, INPUT, 
OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


2.4 
2.0 2.0 
» TEST POINTS < 
0.8 0.8 
0.45 


231464-3 


Ready & Reset Loaded 
to 2 mA/10 pF 

All measurements 
referenced to 1.5V 
unless specified 
otherwise. 


A.C. Testing: Inputs are driven at 2.4V for a logic “1” and 0.45V 231464-4 
for a logic “O”. Timing measurements are made at 2.0V for a ' : 
logic “1” and 0.8V for a logic “0” (unless otherwise noted). C, Includes Jig Capacitance 
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WAVEFORMS 


% 2(TTL) 


SYNC 
(FROM 8080A) 


STSTB 


tors 
toRH 


RDYIN OR RESIN 


eew ee wesw = = 


‘or 
Sag @eee es See eS eS SB SB Sees es 


READY OUT 


‘or 
RESET OUT 
231464-5 
VOLTAGE MEASUREMENT POINTS: $4, $2 Logic “0” = 1.0V, Logic “1” = 8.0V. All other signals measured at 1.5V. 


CLOCK HIGH AND LOW TIME (USING X1, X2) 


231464-6 
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8228 
SYSTEM CONTROLLER AND BUS DRIVER 
FOR 8080A CPU : 


m Single Chip System Control for 3 m User Selected Single Level Interrupt 


MCS®-80 Systems Vector (RST 7) 
@ Built-in Bidirectional Bus Driver for @ Available in EXPRESS 
Data Bus Isolation — Standard Temperature Range 
@ Allows the Use of Multiple Byte @ Available in 28-Lead Cerdip and Plastic 
Instructions (e.g. CALL) for Interrupt Packages 
Acknowledge (See Packaging Spec, Order #231369) 


m Reduces System Package Count 


The Intel 8228 is a single chip system controller and bus driver for MCS®-80. It generates all signals required 
to directly interface MCS-80 family RAM, ROM, and I/O components. | 


A bidirectional bus driver is included to provide high system TTL fan-out. It also provides isolation of the 8080 
data bus from memory and |/O. This allows for the optimization of control signals, enabling the systems 
designer to use slower memory and I/O. The isolation of the bus driver also provides for enhanced system 
noise immunity. 

A user selected single level interrupt vector (RST 7) is provided to simplify real time, interrupt driven, small 
system requirements. The 8228 also generates the correct control signals to allow the use of multiple byte 
instructions (e.g., CALL) in response to an interrupt acknowledge by the 8080A. This feature permits large, 
interrupt driven systems to have an unlimited number of interrupt levels. 


The 8228 is designed to support a wide variety of system bus structures and also reduce system package 
count for cost effective, reliable design of MCS-80 systems. 


NOTE: 
The specifications for the 3228 are identical with those for the 8228. 


0) —> <— 08, 
.— + 
os <— DB, 
CPU dD. —> oa 4 0D 
DATA . git nay Bs SYSTEM DATA BUS 
BUS a <+— 0B, 
0s —> <— 08, 
6—> <— 0B, 
> t= Be; 
2 DRIVER CONTROL 
ieee " vey 
STATUS Lae 0 MEM W 
as ee RE 231465-2 
eH ° i7OR 
| GATING 
ARRAY 
° 0 ow -DO 
STSTB 7-DB0 
DBIN > 4—— BUSEN On [WR | WR(trome0so) 
we n | BUSEN | Bus Enable input 
aoe STSTB | Status Strobe (from 8224)| 
acs F ng 
2314651 GND [ovots Ss 
Figure 1. Block Diagram Figure 2. Pin Configuration 
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8228 


ABSOLUTE MAXIMUM RATINGS* 


Temperature Under Bias ............ 0°C to + 70°C 
Storage Temperature .......... =65°C toa + 150°C 
Supply Voltage, Voc............... —0.5V to +7V 
WU VONBOS. 4 .02b0.0d) cho pekeeess —15O +7V 
RUE LNT 5 a wdc wey per btn Be wack we 100 mA 


— intel. 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


D.C. CHARACTERISTICS T, = 0°C to + 70°C, Voc = 5V +5% 


Parameter 


Input Clamp Voltage, 
All Input 


VTH 
loc 


VoL Output Low Voltage 
All Other Outputs 
OH 


D7 
V Output High Voltage 
All Other Outputs | 2.4 


locott) | Off State Output Current 
All Control Outputs 
INTA Current 


NOTE: 


Test Conditions 


Voc = 4.75V; Io = —S5 mA 


Voc = 5.25V 


sJ 
a 
< 


Voc = 4. 


o) 
| 
B.S 
oO 
= 
| 
| 
—s 
° 
= 
> 


1. Typical values are for Ta = 25°C and nominal supply voltages. 


$ 
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CAPACITANCE Vaiss = 2.5V, Voc = 5.0V, Ta = 25°C, f = 1 MHz 
1. This parameter is periodically sampled and not 100% tested. 


Noes Miele 


InputCapacitance | = | = 8_~—|—12_—«| Sop 
CoutT Output Capacitance r 15 pF 
Control Signals 
1/0 1/O Capacitance 15 pF 
(D or DB) 


A.C. CHARACTERISTICS Ta = 0°C to + 70°C, Voc = 5V +5% 


Setup Time, Status Inputs Do—D7 


pee ts She 
"soe fin ad Ae 
[tsy | HoldTime, Status InputsDp-D7_— | |g 
bags 77 i | 20 | 60 | ns | 
he Oe 
bei oe 4 


[tan | DelayfromDBIN to Control Outputs 
‘tae | Delay from DBIN to Enable/Disable 8080 Bus 
[tap | Delay from System Bus to8080BusduringRead |_| 80 | ns | C= 25 pF 
[twa | DelayfromWRtoControlOutputs | S| 45 | ons | Cy = 100 pF 
|twe | Delay to Enable System Bus DBp-DB7atterSTSTB_ |_| 30_|_~ns_| CL = 100pF_ 


two Delay from 8080 Bus Do-D7 to System Bus 40 Ci = 100 pF 
DByp-DB7 during Write 
ie. Delay from System Bus Enable to System Bus DBp-DB7 ee eae C_ = 100 pF 


tHD HLDA to Read Status Outputs ie eS 


hips icy: Setup Time, System Bus Inputs to HLDA S| et CO es Oe toi ie 
Pig... Hold Time, System Bus Inputs to HLDA | 20.) | ns -| GC. =100pF_ | 


A.C. TESTING LOAD CIRCUIT INTA Test Circuit (for RST 7) 


1kN £ 10% 
DEVICE 
UNDER 
TEST 


231465-3 


For Do-D7; Ry = 4K, Ro = ©, C, = 25 pF. 
For all other outputs: Ry = 500M, Ro = 1 KN, C, = 100 pF. 


231465-4 
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WAVEFORMS 


STATUS STROBE 


8080 DATA BUS 


INTA, IOR, MEMR 


INTA, IOR, MEMR 
DURING HLDA 


SYSTEM BUS DURING READ 


8080 BUS DURING READ 


TOW OR MEMW 


8080 BUS DURING WRITE 


oe ow oe Pee oe oe oe oe oe ee oe oe oe 


SYSTEM BUS DURING WRITE e-em wee eee ee2ee2e22 


SYSTEM BUS ENABLE | 
* * 
SYSTEM BUS OUTPUTS - 
231465-5 


VOLTAGE MEASUREMENT POINTS: Do-D7 (when outputs) Logic “0” = 0.8V, Logic “1” = 3.0V. All other signals mea- 
sured at 1.5V. 
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8755A 


16,384-BIT EPROM WITH I/O 


2048 Words x 8 Bits 
Single + 5V Power Supply (Vcc) 
Directly Compatible with 8085AH 


U.V. Erasable and Electrically 
Reprogrammable 


Internal Address Latch 


m@ 2 General Purpose 8-Bit I/O Ports 


@ Each I/O Port Line Individually 
Programmable as Input or Output 


Multiplexed Address and Data Bus 
40-Pin DIP 


Available in EXPRESS 
— Standard Temperature Range 
— Extended Temperature Range 


The Intel 8755A is an erasable and electrically reprogrammable ROM (EPROM) and I/O chip to be used in the 
8085AH microprocessor systems. The EPROM portion is organized as 2048 words by 8 bits. It has a maximum 
access time of 450 ns to permit use with no wait states in an 8085AH CPU. 


The I/O portion consists of 2 general purpose I/O ports. Each I/O port has 8 port lines, and each I/O port line 


is individually programmable as input or output. 


PROG AND CE, ( 


‘ 
CLK CE,[] 2 +) PB, 
CLK L} 3 T) PB, 

READY RESET (] 4 T) PB; 
Anji) hoes iit 
READY (] 6 [} PB, 

PORT A io/M (47 [ PB, 

oh ES C8 PAs mae AP, 
re 2K x 8 UG al 
10/M EPROM low PA, 
hak PORTB ALE [ ] PPA, 
“eet c 8.) PBo~7 AD) [PAs 
ae AD, PA, 
iow AD, L JPA 
RESET AD, C1 HPA, 
iOR AD, PA, 
ADs [ r] PA, 

PROG/CE, Voc (+5V) AD, ( At 

Vop Vsg (OV) | AD, O 22[JA9 

231735-1 Vss L] 211 JAs 


Figure 1. Block Diagram 


November 1986 
Order Number: 231735-002 


231735-2 


Figure 2. Pin Configuration 
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Table 1. Pin Description 


Ee Symbol] Type G2. ay Nemneand Fomeon | 2 SO eee | 


ALE ADDRESS LATCH ENABLE: When Address Latch Enable goes high, ADo-7, 
|O/M, Ag_-10, CE2, and CE; enter the address latches. The signals, (AD, |O/M, 
ADg_10, CEs, CE4) are latched in at the trailing edge of ALE. 
ADo-7 BIDIRECTIONAL ADDRESS/DATA BUS: The lower 8 bits of the PROM or I/O 
address are applied to the bus lines when ALE is high. 
During an I/O cycle, Port A or B is selected based on the latched value of ADo. 
IF RD or IOR is low when the latched Chip Enables are active, the output 
buffers present data on the bus. 
PROG/CE; 
CEs 
READY ouputs will be in a high impedance state. CE; is also used as a 
programming pin. (See section on programming.) 
\O/M 1/O MEMORY: If the latched |O/M is high when RD is low, the output data 
comes from an |/O port. If it is low the output data comes from the PROM. 
READ: If the latched Chip Enables are active when RD goes low, the ADo_7 
output buffers are enabled and output either the selected PROM location or 
|/O port. When both RD and IOR are high, the ADo_7 output buffers are 3- 
stated. 


1/O WRITE: If the latched Chip Enables are active, a low on IOW causes the 
output port pointed to by the latched value of ADo to be written with the data on 
ADp-7. The state of |O/M is ignored. 


CLOCK: The CLK is used to force the READY into its high impedance state 
after it has been forced low by CE; low, CEg high, and ALE high. 


READY is a 3-state output controlled by CE;, CEs, ALE and CLK. READY | is 
forced low when the Chip Enables are active during the time ALE is high, and 
remains low until the rising edge of the next CLK. (See Figure 6c.) 


CHIP ENABLE INPUTS: CE; is active low and CEo is active high. The 8755A 
can be accessed only when both Chip Enables are active at the time the ALE 
signal latches them up. If either Chip Enable input is not active, the ADop_7, and 


PORT A: These are general purpose I/O pins. Their input/output direction is 
determined by the contents of Data Direction Register (DDR). Port Ais 
selected for write operations when the Chip Enables are active and IOW is low 
and a 0 was previously latched from ADo, AD}. 

Read Operation is selected by either IOR low and active Chip Enables and ADo 
and AD, low, or |O/M high, RD low, active Chip Enables, and ADg and AD, 


PBo_7 I/O PORT B: The general purpose I/O port is identical to Port A except that it is 
selected by a 1 latched from ADo and a 0 from AD}. 

RESET RESET: In normal operation, an input high on RESET causes all pins in Ports A 
and B to assume input mode (clear DDR register). 


I/O READ: When the Chip Enables are active, a low on IOR will output the 
selected I/O port onto the AD bus. IOR low performs the same function as the 
combination of 1|O/M high and RD low. When IOR is not used in a system, |OR 
should be tied to Vcc (“1”). 


EN nl a ioe eee. 
ae 


GROUND: Reference. 


POWER SUPPLY: Vpp is a programming voltage, and must be tied to Vcc 
when the 8755A is being read. 

For programming, a high voltage is supplied with Vpp = 25V, de (See 
section on programming.) 
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FUNCTIONAL DESCRIPTION 


PROM Section 


The 8755A contains an 8-bit address latch which 
allows it to interface directly to MCS®-48 and 
MCS®-85 processors without additional hardware. 


The PROM section of the chip is addressed by the 
11-bit address and the Chip Enables. The address, 
CE, and CE are latched into the address latches on 
the falling edge of ALE. If the latched Chip Enables 
are active and IO/M is low when RD goes low, the 
contents of the PROM location addressed by the 
latched address are put out on the ADo_7 lines (pro- 
vided that Vpp is tied to Vcc). 


1/0 Section 


The !/O section of the chip is addressed by the 
latched value of ADop_;. Two 8-bit Data Direction 
Registers (DDR) in 8755A determine the input/out- 
put status of each pin in the corresponding ports. A 
“0” in a particular bit position of a DDR signifies that 
the corresponding |/O port bit is in the input mode. A 
“1” in a particular bit position signifies that the corre- 
sponding |/O port bit is in the output mode. In this 
manner the I/O ports of the 8755A are bit-by-bit pro- 
grammable as inputs or outputs. The table summa- 
rizes port and DDR designation. DDR’s cannot be 
read. 


Port A Data Direction Register (DDR A) 
Port B Data Direction Register (DDR B) 


When IOW goes low and the Chip Enables are ac- 
tive, the data on the ADg-_7 is written into I/O port 
selected by the latched value of ADp_;. During this 
operation all 1/O bits of the selected port are affect- 
ed, regardless of their |/O mode and the state of |O/ 
M. The actual output level does not change until 


lIOW returns high. (Glitch free output.) 


8755A 


A port can be read out when the latched Chip En- 
ables are active and either RD goes low with |O/M 
high, or |OR goes low. Both input and output mode 
bits of a selected port will appear on lines ADo-_7. 


To clarify the function of the |/O Ports and Data Di- 
rection Registers, the following diagram shows the 


configuration of one bit of PORT A and DDR A. The 
same logic applies to PORT B and DDR B. 


8755A ONE BIT OF PORT A AND DDR A 


OUTPUT 
LATCH 
18) Q 


RESET 
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WRITE DOR A 


READ PA 


231735-3 
WRITE PA = (JOW = 0) e (CHIP ENABLES ACTIVE) @ (PORT A 
ADDRESS SELECTED) 
WRITE DDR A = (IJOW = 0) ¢ (CHIP ENABLES ACTIVE) ¢ (DDR 
A ADDRESS SELECTED) 
READ PA = {(IO/M = 1) e (RD = 0) + (JOR = 0)} © (CHIP 
ENABLES ACTIVE) ¢ (PORT A ADDRESS SELECTED) 


NOTE: * 
Write PA is not qualified by |O/M. 


Note that hardware RESET or writing a zero to the 
DDR latch will cause the output latch’s output buffer 
to be disabled, preventing the data in the Output 
Latch from being passed through to the pin. This is 
equivalent to putting the port in the input mode. Note 
also that the data can be written to the Output Latch 
even though the Output Buffer has been disabled. 
This enables a port to be initialized with a value prior 
to enabling the output. 


The diagram also shows that the contents of PORT 


A and PORT B can be read even when the ports are 
configured as outputs. 
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ERASURE CHARACTERISTICS 


The erasure characteristics of the 8755A are such 
that erasure begins to occur when exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data show that constant 
exposure to room level fluorescent lighting could 
erase the typical 8755A in approximately 3 years 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 
8755A is to be exposed to these types of lighting 
conditions for extended periods of time, opaque la- 
bels are available from Intel which should be placed 
over the 8755A window to prevent unintentional era- 
sure. 


The recommended erasure procedure for the 8755A 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity x exposure time) for erasure 
should be a minimum of 15W-sec/cm2. The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12000 w»W/cm2 
power rating. The 8755A should be placed within 
one inch from the lamp tubes during erasure. Some 
lamps have a filter on their tubes and this filter 
should be removed before erasure. 


PROGRAMMING 


Initially, and after each erasure, all bits of the 
EPROM portions of the 8755A are in the ‘1” state. 
Information is introduced by selectively program- 
ming ‘‘O0” into the desired bit locations. A pro- 
grammed “0” can only be changed to a “1” by UV 
erasure. 


The 8755A can be programmed on the Intel Univer- 
sal Programmer (iUP), and iUPF8744A programming 
module. 


The program mode itself consists of programming a 
single address at a time, giving a single 50 msec 
pulse for every address. Generally, it is desirable to 
have a verify cycle after a program cycle for the 
same address as shown in the attached timing dia- 
gram. In the verify cycle (i.e., normal memory 
read cycle) ‘Vpp’ should be at + 5V. 
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System Interface with 8085AH 


A system using the 8755A can use either one of the 
two |/O Interface techniques: 


e Standard I/O 
e Memory Mapped |/O 


SYSTEM APPLICATIONS 


lf a standard I/O technique is used, the system can 
use the feature of both CEs and CE}. By using a 
combination of unused address lines Aj;~15 and the 
Chip Enable inputs, the 8085AH system can use up 
to 5 8755A’s without requiring a CE decoder. See 
Figure 4. 


lf a memory mapped |/O approach is used the 
8755A will be selected by the combination of both 


the Chip Enables and IO/M using ADg_;5 address 
lines. See Figure 3. 


8085AH 


8755A 


231735-4 


Figure 3. 8755A in 8085AH System 
(Memory-Mapped I/O) 
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(O/| paepuejis) waishs HYS808 U! WSSZ8 “py eunbig 


ed ee AM, Aare 0 AM, Agere = AD CLK 10 _ AMe, Acre =D CLK = 10 a 
ALE i0W READY CE, ALE i0W READY cE,} | iOR ALE (OW READY CéE,| | IOR ALE 10W READY CeE,] | 10R 


8755A 8755A 87554 8755A 
(2K BYTES) (2K BYTES) (2K BYTES) (2K BYTES) 


NOTE: 
Use CE; for the first 8755A in the system, and CEp for the other 8755A’s. Permits up to 5-8755A’s in a system without CE decoder. 


wy, 
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8755A 
(2K BYTES) 
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ABSOLUTE MAXIMUM RATINGS* 


pikicianace vinhchlbiediineik iced ti adits *WARNING: Stressing the device beyond the “‘Absolute 
Storage Temperature .......... “65°C fo + 150C Maximum Ratings” may cause permanent damage. 
Voltage on any Pin These are stress ratings only. Operation beyond the 
with Respect to Ground.......... —0.5V to +7V “Operating Conditions” is not recommended and ex- 
ee a tended exposure beyond the “Operating Conditions” 

POWS! CIBSGUOG bo. uo Bho bc ed Raa wo oa ee 1.5W may affect device reliability. 


D.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Vcc = Vpp = 5V +5% 


[ Symbot [Parameter 
TV | taputow Vonage 
vin | tnputigh Votage 
[Vor | Output Low votage 
[Von [Output igh Votage 
a a 


Vpp Supply Current 
Capacitance of Input Buffer 
Capacitance of I/O Buffer 


VIL 
VIH 
VOL 
VOH 
Ne 
F Met 


D.C. CHARACTERISTICS—PROGRAMMING 
Ta = 0°C to 70°C, Voc = 5V +5%, Vsg = OV, Vpp = 25V +1V 


Symbol ft) Paeeinater ios S51, 
Programming Voltage (during Write to EPROM) 
ae Prog Supply Current 
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A.C. CHARACTERISTICS 
Ta = 0°C to 70°C, Voc = 5V +5% 


Clock Cycle Time 


CLK Pulse Width 


YC 
qT 
CLK Pulse Width 
L 
C 


PERS RESIS 
[tap | Vaid Data Out Delay rom READ Gonwror | ——~«| avo ~| ns 
ec 
a eee Se 
[taor | Dota Bus FioataterREAD——=~=~‘dSCia te 


NOTES: 

CLoAp = 150 pF. 

*Or Tap — (Tat + Tic), whichever is greater. 
**Defines ALE to Data Out Valid in conjunction with Ta,. 


A.C. CHARACTERISTICS—PROGRAMMING 
Ta = 0°C to 70°C, Voc = 5V +5%, Vgg = OV, Vpp = 25V £1V 


Prog Pulse Hold Time 


Prog Pulse Rise Time 
Prog Pulse Fall Time 


8755A intel 2 


A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 


2.0 2.0 


> werrome 


DEVICE 
UNDER 


TEST 
0.8 0.8 


231735-7 
A.C. Testing: Inputs are driven at 2.4V for a Logic “1” and 0.45V 
for a Logic ‘‘0”. Timing Measurements are made at 2.0V for a 
Logic “1” and 0.8V for a Logic “0”. 


C. Includes Jig Capacitance 


WAVEFORMS 


CLOCK SPECIFICATION FOR 8755A 
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PROM READ, I/O READ AND WRITE 


4 ADDRESS ) ADORESS 


i 
het tet 
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Bee 56 Dire 
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(PROG)/CE, 


Please note that CE; must remain low for the entire cycle. 


1-66 


‘ ntol | : 8755A 
i aX ® 
WAVEFORMS (Continued) 


I/O PORT 
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GLITCH FREE 


Pe OUTPUT 


231735-12 
B. Output Mode 


WAIT STATE (READY = 0) 


ta, ——e 


(CE=1) «(EE=0) : 
ig ee a 
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WAVEFORMS (Continued) 


8755A PROGRAM MODE 


FUNCTION 
PROGRAM CYCLE VERIFY CYCLE* PROGRAM CYCLE 
ALE / \ / \ 


DATA TO BE 
tpp =_ 


231735-14 


*Verify cycle is a regular Memory Read Cycle (with Vpp = +5V for 8755A). 
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80186/80188 
HIGH-INTEGRATION 16-BIT MICROPROCESSORS 
mu Integrated Feature Set = Completely Object Code Compatible 
— Enhanced 8086-2 CPU with All Existing 8086, 8088 Software 
— Clock Generator — — 10 New Instruction Types 
— 2 independent DMA Channels 
— Programmable Interrupt Controller 7 eal vyston Dernlopment 


— 3 Programmable 16-bit Timers 

— Programmable Memory and 
Peripheral Chip-Select Logic 

— Programmable Wait State Generator 

— Local Bus Controller 


@ Available in 10 MHz and 8 MHz 
Versions 


@ High-Performance Processor 
— 4 Mbyte/Sec Bus Bandwidth 


— Development Software: ASM 86 
Assembler, PL/M-86, C-86, and 
System Utilities 

— In-Circuit-Emulator 


m@ Numerics Coprocessing Capability 
Through 8087 Interface 
@ Available in 68 Pin: 
— Plastic Leaded Chip Carrier (PLCC) [% 
— Ceramic Pin Grid Array (PGA) 
Interface @ 8 MHz (80186) on : : , 
—5 Mbyte/Sec Bus Bandwidth Ceramic Leadless Chip Carrier (LCC) 


Interface @ 10 MHz (80186) @ Available in EXPRESS 
— Standard Temperature with Burn-in 


m Direct Addressing Capability to 1 Mbyte eas 
of Memory and 64 Kbyte I/O iat tuee bisidied 
INT3/INTA1/IRQ 
CLKOUT Vcc GND NMI gs relic Re TMR OUT 1 TMROUTO 


TMR IN TMR IN 
1 0 


WE Pes, 8 
PROGRAMMABLE 
TIMERS 
o 141 2 

MAX COUNT 5 
REGISTER B NN 
MAX COUNT 
REGISTER A 
-B 


16-BIT 
ALU 


PROGRAMMABLE 
INTERRUPT 
CONTROLLER . 


16-BIT 
GENERAL 


PURPOSE 
REGISTERS 


CONTROL REGISTERS 
16-BIT 
COUNT REGISTER 


DRQO 
DRQ1 


! 


20-BiIT 
SOURCE POINTERS 
20-BiT 
DESTINATION 
POINTERS 
16 


T 
-BIT 
TRANSFER COUNT 
T 


PROGRAMMABLE 
DMA UNIT 
0 1 
E 
PROGRAMMABLE 
CONTROL 
REGISTERS 
CONTROL 
ag Bi REGISTERS 
ucs 
cs PCS5/A1 


gon (ADO - AD7) nae. mf 
($7) pretties S0-3  PCS0-4 


272430-1 
Figure 1. Block Diagram 
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80186/80188 High-Integration 16-Bit Microprocessors 
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Pins Facing Up Pins Facing Down 
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Figure 3. Ceramic Pin Grid Array 


NOTE: 
Pin names in parentheses apply to the 80188. 
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Leads Facing Up Leads Facing Down 
51 50 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 


PIN NO.1 MARK 


272430-4 


Figure 4. Plastic Leaded Chip Carrier 


NOTE: 
' Pin names in parentheses apply to the 80188. 
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Table 1. Pin Descriptions 


Voc ) SYSTEM POWER: +5 volt power supply. | 
43 


Reset Output indicates that the CPU is being reset, and can be used as a system 
reset. It is active HIGH, synchronized with the processor clock, and lasts an 
integer number of clock periods corresponding to the length of the RES signal. 


Crystal Inputs X1 and X2 provide external connections for a fundamental mode 
parallel resonant crystal for the internal oscillator. Instead of using a crystal, an 
external clock may be applied to X1 while minimizing stray capacitance on X2. 
The input or oscillator frequency is internally divided by two to generate the 
clock signal (CLKOUT). 


Clock Output provides the system with a 50% duty cycle waveform. All device 
pin timings are specified relative to CLKOUT. 


An active RES causes the processor to immediately terminate its present 
activity, clear the internal logic, and enter a dormant state. This signal may be 
asynchronous to the processor clock. The processor begins fetching 
instructions approximately 61/ clock cycles after RES is returned HIGH. For 
proper initialization, Vcc must be within specifications and the clock signal must 
be stable for more than 4 clocks with RES held LOW. RES is internally 
synchronized. This input is provided with a Schmitt-trigger to facilitate power-on 
RES generation via an RC network. 


TEST is examined by the WAIT instruction. If the TEST input is HIGH when 
“WAIT” execution begins, instruction execution will suspend. TEST will be 
resampled until it goes LOW, at which time execution will resume. If interrupts 

are enabled while the processor is waiting for TEST, interrupts will be serviced. 
During power-up, active RES is required to configure TEST as an input. This pin 
is synchronized internally. 


Timer Inputs are used either as clock or control signals, depending upon the 
programmed timer mode. These inputs are active HIGH (or LOW-to-HIGH 
transitions are counted) and internally synchronized. 


Timer outputs are used to provide single pulse or continous waveform 
generation, depending upon the timer mode selected. 


DMA Request is asserted HIGH by an external device when it is ready for DMA 
Channel 0 or 1 to perform a transfer. These signals are level-triggered and 
internally synchronized. 


The Non-Maskable Interrupt input causes a Type 2 interrupt. An NMI transition 
from LOW to HIGH is latched and synchronized internally, and initiates the 
interrupt at the next instruction boundary. NMI must be asserted for at least one 
clock. The Non-Maskable Interrupt cannot be avoided by programming. 


INTO Maskable Interrupt Requests can be requested by activating one of these pins. 


INT1/SELECT When configured as inputs, these pins are active HIGH. Interrupt Requests are 
INT2/INTAO synchronized internally. INT2 and INT3 may be configured to provide active- 


LOW interrupt-acknowledge output signals. All interrupt inputs may be 
configured to be either edge- or level-triggered. To ensure recognition, all 
interrupt requests must remain active until the interrupt is acknowledged. When 
Slave Mode is selected, the function of these pins changes (see Interrupt 
Controller section of this data sheet). 


INT3/INTA1/IRQ 


NOTE: 
Pin names in parentheses apply to the 80188. 
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Table 1. Pin Descriptions (Continued) 


Symbol se | Name and Function 


A19/S6 Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate the four most 
A18/S5 significant address bits during T;. These signals are active HIGH. During To, T3, Tw, 
A17/S4 and T4, the S6 pin is LOW to indicate a CPU-initiated bus cycle or HIGH to indicate a 


DMA-initiated bus cycle. During the same T-states, S3, S4, and S5 are always LOW. 
The status pins float during bus HOLD or RESET. 


A16/S3 


AD15 (A15) Address/Data Bus signals constitute the time multiplexed memory or I/O address (T+) 
AD14 (A14) and data (To, T3, Tw, and T4) bus. The bus is active HIGH. Ao is analogous to BHE for 
AD13 (A13) the lower byte of the data bus, pins D7 through Do. It is LOW during T; when a byte is 


to be transferred onto the lower portion of the bus in memory or |/O operations. BHE 
does not exist on the 80188, as the data bus is only 8 bits wide. 


AD12 (A12) 
AD11 (A11) 
AD10 (A10) 
AD9 (AQ) 

ADB (A8) 

AD7 
AD6 
AD5 
AD4 
AD3 
AD2 
AD1 
ADO 


BHE/S7 
(S7) 


During T; the Bus High Enable signal should be used to determine if data is to be 
enabled onto the most significant half of the data bus; pins D;5—Dg. BHE is LOW 
during T,; for read, write, and interrupt acknowledge cycles when a byte is to be 

transferred on the higher half of the bus. The S7 status information is available during 
To, T3, and Ty. S7 is logically equivalent to BHE. BHE/S7 floats during HOLD. On the 
80188, S7 is high during normal operation. 


BHE and AO Encodings (80186 Only) 


BHE 
Value a 
0 Word Transfer 
0 Byte Transfer on upper half of data bus (D15-—D8) 
1 Byte Transfer on lower half of data bus (D7—Dpo) 
1 Reserved 


ALE/QS0O 61 Address Latch Enable/Queue Status 0 is provided by the processor to latch the 
address. ALE is active HIGH. Addresses are guaranteed to be valid on the trailing 
edge of ALE. The ALE rising edge is generated off the rising edge of the CLKOUT 
immediately preceding T; of the associated bus cycle, effectively one-half clock cycle 
earlier than in the 8086. The trailing edge is generated off the CLKOUT rising edge in 
T; as in the 8086. Note that ALE is never floated. 


WR/QS1 63 Write Strobe/Queue Status 1 indicates that the data on the bus is to be written into a 
memory or an I/O device. WR is active for To, T3, and Tw of any write cycle. It is active 
LOW, and floats during HOLD. When the processor is in queue status mode, the ALE/ 
QSO and WR/QS1 pins provide information about processor/instruction queue 
interaction. 


sy | ase 1 cimie operon ON i Ss, He] 


No queue operation 
First opcode byte fetched from the queue 


Subsequent byte fetched from the queue 
Empty the queue 


— — © O 


ot + © 


NOTE: 
Pin names in parentheses apply to the 80188. 
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Table 1. Pin Descriptions (Continued) 


RD/QSMD 1/O Read Strobe is an active LOW signal which indicates that the processor is 
performing a memory or I/O read cycle. It is guaranteed not to go LOW 
before the A/D bus is floated. An internal pull-up ensures that RD is HIGH 
during RESET. Following RESET the pin is sampled to determine whether 
the processor is to provide ALE, RD, and WR, or queue status information. 
To enable Queue Status Mode, RD must be connected to GND. RD will 
float during bus HOLD. 


ARDY Asynchronous Ready informs the processor that the addressed memory 
space or |/O device will complete a data transfer. The ARDY pin accepts a 
rising edge that is asynchronous to CLKOUT, and is active HIGH. The 
falling edge of ARDY must be synchronized to the processor clock 
Connecting ARDY HIGH will always assert the ready condition to the CPU. 
If this line is unused, it should be tied LOW to yield control to the SRDY pin. 


Synchronous Ready informs the processor that the addressed memory 
space or |/O device will complete a data transfer. The SRDY pin accepts an 
active-HIGH input synchronized to CLKOUT. The use of SRDY allows a 
relaxed system timing over ARDY. This is accomplished by elimination of 
the one-half clock cycle required to internally synchronize the ARDY input 
signal. Connecting SRDY high will always assert the ready condition to the 
CPU. If this line is unused, it should be tied LOW to yield control to the 

ARDY pin. 


more than one LOCK instruction, always make sure there are 6 bytes of 
code between the end of the first LOCK instruction and the start of the 
second LOCK instruction. LOCK is driven HIGH for one clock during RESET 
and then floated. 


Bus cycle status SO-S2 are encoded to provide bus-transaction 
information: 


Bus Cycle Status Information 
Bus Cycle Initiated 


Interrupt Acknowledge 
Read |/O 

Write 1/O 

Halt 

Instruction Fetch 

Read Data from Memory 
Write Data to Memory 
Passive (no bus cycle) 


-+++0000/g 
so+o+0+0/g 


The status pins float during HOLD. pay 3s 
S2 may be used as a logical M/IO indicator, and S1 as a DT/R indicator. 


LOCK output indicates that other system bus masters are not to gain 
control of the system bus while LOCK is active LOW. The LOCK signal is 
requested by the LOCK prefix instruction and is activated at the beginning 
of the first data cycle associated with the instruction following the LOCK 
prefix. It remains active until the completion of that instruction. No 
instruction prefetching will occur while LOCK is asserted. When executing 

O 

O 

O 

/ 


NOTE: 
Pin names in parentheses apply to the 80188. 
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Table 1. Pin Descriptions (Continued) 


Name and Function 


HOLD indicates that another bus master is requesting the local bus. The 
HOLD input is active HIGH. HOLD may be asynchronous with respect to the 
processor clock. The processor will issue a HLDA (HIGH) in response to a 
HOLD request at the end of T, or T;. Simultaneous with the issuance of 
HLDA, the processor will float the local bus and control lines. After HOLD is 
detected as being LOW, the processor will lower HLDA. When the processor 
needs to run another bus cycle, it will again drive the local bus and control 
lines. 


ype 


a 
£ 


Upper Memory Chip Select is an active LOW output whenever a memory 
reference is made to the defined upper portion (1K-—256K block) of momar: 
This line is not floated during bus HOLD. The address range activating U 

software programmable. 


Lower Memory Chip Select is active LOW whenever a memory reference is 
made to the defined lower portion (1K-—256K) of memory. This line is not 
floated during bus HOLD. The address range activating LCS is software 
programmable. 


Mid-Range Memory Chip Select signals are active LOW when a memory 
reference is made to the defined mid-range portion of memory (8K-—512k). 

These lines are not floated during bus HOLD. The address ranges Solvang 
MCSO-3 are software programmable. 


a Ww wd 


35 


Peripheral Chip Select signals 0-4 are active LOW when a reference is made 
to the defined peripheral area (64 Kbyte |/O space). These lines are not 
floated during bus HOLD. The address ranges activating PCSO-4 are 
software programmable. 


Peripheral Chip Select 5 or Latched A1 may be programmed to provide a 
sixth peripheral chip select, or to provide an internally latched A1 signal. The 
address range activating PCS5 is software-programmable. PCS5/A1 does 

not float during bus HOLD. When programmed to provide latched A1, this pin 
will retain the previously latched value during HOLD. 


Peripheral Chip Select 6 or Latched A2 may be programmed to provide a 
seventh peripheral chip select, or to provide an internally latched A2 signal. 
The address range activating PCS6 is software programmable. PCS6/A2 

does not float during bus HOLD. When programmed to provide latched A2, 
this pin will retain the previously latched value during HOLD. 


Data Transmit/Receive controls the direction of data flow through an 
external data bus transceiver. When LOW, data is transferred to the 
processsor. When HIGH, the processor places write data on the data bus. 


Data Enable is provided as a data bus transceiver output enable. DEN is 
active LOW during each memory and I/O access. DEN is HIGH whenever 

DT/R changes state. During RESET, DEN is driven HIGH for one clock, then 
floated. DEN also floats during HOLD. 


=f 


NOTE: 
Pin names in parentheses apply to the 80188. 
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FUNCTIONAL DESCRIPTION 


Introduction 


The following Functional Description describes the 
base architecture of the 80186. The 80186 is a very 
high integration 16-bit microprocessor. It combines 
15-20 of the most common microprocessor system 
components onto one chip while providing twice the 
performance of the standard 8086. The 80186 is ob- 
ject code compatible with the 8086/8088 microproc- 
essors and adds 10 new instruction types to the 
8086/8088 instruction set. 


For more detailed information on the architecture, 
please refer to the 80C186XL/80C188XL User’s 
Manual. The 80186 and the 80186XL devices are 
functionally and register compatible. 


CLOCK GENERATOR 


The processor provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


Oscillator 


The oscillator circuit is designed to be used with a 
parallel resonant fundamental mode crystal. This is 
used as the time base for the processor. The crystal 
frequency selected will be double the CPU clock fre- 
quency. Use of an LC or RC circuit is not recom- 
mended with this oscillator. If an external oscillator is 
used, it can be connected directly to the input pin X1 
in lieu of a crystal. The output of the oscillator is not 
directly available outside the processor. The recom- 
mended crystal configuration is shown in Figure 5. 


272430-5 


80186-10 (10 MHz) | 20] 


80186 (8 MHz)| 16| 


Figure 5. Recommended 
Crystal Configuration 
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Intel recommends the following values for crystal se- 
lection parameters: 


Temperature Range: 0 to 70°C 
ESR (Equivalent Series Resistance): 3029 max 
Co (Shunt Capacitance of Crystal): 7.0 pf max 
C, (Load Capacitance): 20 pf + 2pf 
Drive Level: 1 mW max 


Clock Generator 


The clock generator provides the 50% duty cycle 
processor clock for the processor. It does this by 
dividing the oscillator output by 2 forming the sym- 
metrical clock. If an external oscillator is used, the 
state of the clock generator will change on the fall- 
ing edge of the oscillator signal. The CLKOUT pin 
provides the processor clock signal for use outside 
the device. This may be used to drive other system 
components. All timings are referenced to the output 
clock. 


READY Synchronization 


The processor provides both synchronous and asyn- 
chronous ready inputs. In addition, the processor, as 
part of the integrated chip-select logic, has the capa- 
bility to program WAIT states for memory and 
peripheral blocks. 


RESET Logic 


The processor provides both a RES input pin and a 
synchronized RESET output pin for use with other 
system components. The RES input pin is provided 
with hysteresis in order to facilitate power-on Reset 
generation via an RC network. RESET output is 
guaranteed to remain active for at least five clocks 
given a RES input of at least six clocks. 


LOCAL BUS CONTROLLER 


The processor provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
outputs that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 


80186/80188 


Memory/Peripheral Control 


The processor provides ALE, RD, and WR bus con- 
trol signals. The RD and WR signals are used to 
strobe data from memory or I/O to the processor or 
to strobe data from the processor to memory or I/O. 
The ALE line provides a strobe to latch the address 
when it is valid. The local bus controller does not 
provide a memory/ 170 signal. If this is required, use 
the S2 signal (which will require external latching), 
make the memory and I/O spaces nonoverlapping, 
or use only the integrated chip-select circuitry. 


Local Bus Arbitration 


The processor uses a HOLD/HLDA system of local 
bus exchange. This provides an asynchronous bus 
exchange mechanism. This means multiple masters 
utilizing the same bus can operate at separate clock 
frequencies. The processor provides a_ single 
HOLD/HLDA pair through which all other bus mas- 
ters may gain control of the local bus. External cir- 
cuitry must arbitrate which external device will gain 
control of the bus when there is more than one alter- 
nate local bus master. When the processor relin- 
quishes control of the local bus, it floats DEN, RD, 
WR, SO-S2, LOCK, ADO-AD15 (ADO-AD7), 
A16-A19 (A8—A19), BHE (S7), and DT/R to allow 
another master to drive these lines directly. 


Local Bus Controller and Reset 


During RESET the local bus controller will perform 
the following action: 


e Drive DEN, RD, and WR HIGH for one clock cy- 
cle, then float. 


a NOTE: 

RD is also provided with an internal pull-up de- 
vice to prevent the processor from inadvertently 
entering Queue Status Mode during RESET. 


e Drive SO-S2 to the inactive state (all HIGH) and 
then float. 


e Drive LOCK HIGH and then float. 


e Float ADO-15 (ADO-AD7), A16-19 (A8-A19), 
BHE (S7), DT/R. 


e Drive ALE LOW (ALE is never floated). 
e Drive HLDA LOW. 


PERIPHERAL ARCHITECTURE 


All of the integrated peripherals are controlled by 
16-bit registers contained within an internal 256-byte 
control block. The control block may be mapped into 
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either memory or I/O space. Internal logic will recog- 
nize control block addresses and respond to bus cy- 
cles. During bus cycles to internal registers, the bus 
controller will signal the operation externally (i.e., the 
RD, WR, status, address, data, etc., lines will be driv- 
en as in a normal bus cycle), but Dy5_9 (D7-9), 
SRDY, and ARDY will be ignored. The base address: 
of the control block must be on an even 256-byte 
boundary (i.e., the lower 8 bits of the base address 
are all zeros). 


The control block base address is programmed by a 
16-bit relocation register contained within the control 
block at offset FEH from the base address of the 
control block. It provides the upper 12 bits of the 
base address of the control block. 


In addition to providing relocation information for the 
control block, the relocation register contains bits 
which place the interrupt controller into Slave Mode, 
and cause the CPU to interrupt upon encountering 
ESC instructions. 


Chip-Select/Ready Generation Logic 


The processor contains logic which provides 
programmable chip-select generation for both mem- 
ories and peripherals. In addition, it can be pro- 
grammed to provide READY (or WAIT state) genera- 
tion. It can also provide latched address bits A1 and 
A2. The chip-select lines are active for all memory 
and |/O cycles in their programmed areas, whether 
they be generated by the CPU or by the integrated 
DMA unit. 


MEMORY CHIP SELECTS 


_ The processor provides 6 memory chip select out- 


puts for 3 address areas; upper memory, lower 
memory, and midrange memory. One each is provid- 
ed for upper memory and lower memory, while four 
are provided for midrange memory. 


UPPER MEMORY CS 


The processor provides a chip select, called UCS, 
for the top of memory. The top of memory is usually 
used as the system memory because after reset the 
processor begins executing at memory location 
FFFFOH. 


LOWER MEMORY CS 
The processor provides a chip select for low memo- 


ry called LCS. The bottom of memory contains the 
interrupt vector table, starting at location OOOOOH. 


a 
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The lower limit of memory defined by this chip select 
is always OH, while the upper limit is programmable. 


By programming the upper limit, the size of the 
memory block is defined. 


MID-RANGE MEMORY CS 


The processor. provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located within the 1-Mbyte memory ad- 
dress space exclusive of the areas defined by UCS 
and LCS. Both the base address and size of this 
memory block are programmable. 


PERIPHERAL CHIP SELECTS 


The processor can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above 
a programmable base address. The base address 
may be located in either memory or I/O space. Sev- 
en CS lines called PCSO-6 are generated by the 
processor. PCS5 and PCS6 can also be pro- 
grammed to provide latched address bits A1 and A2. 
If so programmed, they cannot be used as peripher- 
al selects. These outputs can be connected directly 
to the AO and A1 pins used for selecting internal 
registers of 8-bit peripheral chips. 


READY GENERATION LOGIC 


The processor can generate a READY signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the proc- 
essor may be programmed to either ignore external 
READY for each chip-select range individually or to 
factor external READY with the integrated ready 
generator. 


CHIP SELECT/READY LOGIC AND RESET 


Upon RESET, the Chip-Select/Ready Logic will per- 
form the following actions: 


e All chip-select outputs will be driven HIGH. 
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e Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex- 
ternal READY (i.e., UMCS resets to FFFBH). 


e No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. Both the PACS and MPCS 
registers must be accessed before the PCS lines 
will become active. 


DMA Channels 


The DMA controller provides two independent DMA 
channels. Data transfers can occur between memo- 
ry and I/O spaces (e.g., Memory to I/O) or within the 
same space (e.g., Memory to Memory or I/O to I/O). 
Data can be transferred either in bytes or in words 
(80186 only) to or from even or odd addresses. 
Each DMA channel maintains both a 20-bit source 
and destination pointer which can be optionally in- 
cremented or decremented after each data transfer 
(by one or two depending on byte or word transfers). 
Each data transfer consumes 2 bus cycles (a mini- 
mum of 8 clocks), one cycle to fetch data and the 
other to store data. This provides a maximum data 
transfer rate of 1.25 Mword/sec or 2.5 Mbytes/sec 
at 10 MHz (half of this rate for the 80188). 


DMA CHANNELS AND RESET 


Upon RESET, the DMA channels will perform the 
following actions: 


e The Start/Stop bit for each channel will be reset 
to STOP. 


e Any transfer in progress is aborted. 


Timers 


The processor provides three internal 16-bit pro- 
grammable timers. Two of these are highly flexible 
and are connected to four external pins (2 per timer). 
They can be used to count external events, time ex- 
ternal events, generate nonrepetitive waveforms, 
etc. The third timer is not connected to any external 
pins, and is useful for real-time coding and time de- 
lay applications. In addition, the third timer can be 
used as a prescaler to the other two, or as a DMA 
request source. — 
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TIMERS AND RESET 
Upon RESET, the Timers will perform the following 
actions: | 


e All EN (Enable) bits are reset preventing timer 
counting. 


e For Timers 0 and 1, the RIU bits are reset to zero 
and the ALT bits are set to one. This results in the 
Timer Out pins going high. 


interrupt Controller 


The processor can receive interrupts from a number » 


of sources, both internal and external. The internal 
interrupt controller serves to merge these requests 
on a priority basis, for individual service by the CPU. 


Internal interrupt sources (Timers and DMA chan- 
nels) can be disabled by their own control registers 
or by mask bits within the interrupt controller. The 
interrupt controller has its own control register that 
sets the mode of operation for the controller. 
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INTERRUPT CONTROLLER AND RESET 
Upon RESET, the interrupt controller will perform 
the following actions: 


e All SFNM bits reset to 0, implying Fully Nested 
Mode. 


e All PR bits in the various control registers set to 1. 
This places all sources at lowest priority (level 
1713. 


e All LTM bits reset to 0, resulting in edge-sense 
mode. 


e All Interrupt Service bits reset to 0. 

e All Interrupt Request bits reset to 0. 

e All MSK (Interrupt Mask) bits set to 1 (mask). 
e All C (Cascade) bits reset to 0 (non-Cascade). 


e All PRM (Priority Mask) bits set to 1, implying no 
levels masked. 


e |nitialized to Master Mode. 


intel is 80186/80188 
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NOTE: 
Pin names in parenthesis apply to 80188. 
(1) BHE does not exist on the 80188, this is only required for a 16-bit data bus. 


Figure 6. Typical 80186/80188 Computer 


246 
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Voc 


i 
fa , 
LD 
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NOTE: 
Pin names in parentheses apply to 80188. 
(1) BHE does not exist on the 80188, this is only required for a 16-bit data bus. 


Figure 7. Typical 80186/80188 Multi-Master Bus Interface 
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ABSOLUTE MAXIMUM RATINGS* 


Ambient Temperature under Bias ...... 0°C to 70°C 
Storage Temperature .......... — 65°C to + 150°C 
Voltage on any Pin with 

Respect to Ground.............. —1.0V to +7V 
POWEr DISSIOBUON oi sn vind ev sicbc vis ecuersacess 3W 
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NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


D.C. CHARACTERISTICS (Ta = 0°C to + 70°C, Voc = 5V +10%) 


Applicable to 8 MHz and 10 MHz devices. 


Input Low Voltage 


Input High Voltage 
(All except X1 and (RES) 


Vind Input High Voltage (RES) 


ViL 

ViH 

VoL Output Low Voltage 
VOH 


Output High Voltage 


loc Power Supply Current 


Vou 
VCHI 


*For extended temperature parts only. 


VcLo 
VCHO 


lu 

ILo 
Cin 
Cio 


| Units 

fa re emer lee eee cic 
Sa 

Pav Vises aie toats 5 a 


ae ee 


Getto | vo 
=. am 


Test Conditions 


V la = 2.5 mA for SO-S2 


la = 2.0 mA for all other Outputs 


loa 


p 
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A.C. CHARACTERISTICS (T, = 0°C to + 70°C, Voc = 5V +10%) 
Timing Requirements All Timings Measured At 1.5V Unless Otherwise Noted. 


Parameter Test 
Conditions 


Data in Setup (A/D) 
Data in Hold (A/D) 


TARYHCH | Asynchronous Ready 
(ARDY) Active Setup 
Time() 


ARDY Inactive Setup Time 
ARDY Hold Time 


TARYCHL | Asynchronous Ready 
Inactive Hold Time 

Tsryc. | Synchronous Ready (SRDY) 
Transition Setup Time(2) 

Tcisry | SRDY Transition Hold 
Time(2) 


HOLD Setup(1) 


Tinvcy | INTR, NMI, TEST, TIMIN, 
Setup(1) | 


DRQO, DRQ1, Setup(1) 


Master Interface Timing Responses | 


Toray | Address ValidDelay |S 
Touax | AddressHold | 10 
| Touax 
iaesouirs 


CL = 20 pF-200 pF 
all Outputs 


(Except Tc. tmv) @ 
8 MHz and 10 MHz 


Address Float Delay TCLAX 
Command Lines Float Delay 


pe ere 
(after Float) 
Tom | ALE ActiveDelay | 
Ton | ALE InactiveDelay | 


TLLAX Address Hold from ALE ToucL — 25 
Inactive 


- 
10 
Tovery | ControlActveDelay | 5 
DEN Inactive Delay 0 

(Non-Write Cycle) 


1. To guarantee recognition at next clock. 
2. To guarantee proper operation. 
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A.C. CHARACTERISTICS (Ta = 0°C to + 70°C, Voc = 5V + 10%) (Continued) 
Master Interface Timing Responses (Continued) 
Test 
Conditions 
azn. | Address Float to FID Active eo aera eae Seer 
TrHav __| RD Inactive to Address Toc, —40 Tcoic_ — 40 
Active 

RD Width 2Toict —50 
WA Width 2Tcic —40 


a * 

intel. 20186/80188 
sym | Parmeter 

HLDA Valid Delay a” ee) 2] 

Address Valid to ALE Low 


Status Active Delay 
Status Inactive Delay 


100 pF max 
@8&10 MHz 


Timer Output Delay 


Reset Delay 
Queue Status Delay 
Status Hold Time | 


Address Valid to Clock High 
TOCK Valid/Invalid Delay 


Chip-Select Timing Responses 


Chip-Select Hold from 

Command Inactive 
Chip-Select Inactive Delay 
CLKIN Requirements 


CLKIN Fall Time 
CLKIN Rise Time 


CLKIN Low Time 
CLKIN High Time 


80186/80188 


EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has from 5 to 7 characters. The 
first character is always a “T” (stands for time). The 
other characters, depending on their positions, 
stand for the name of a signal or the logical status of 
that signal. The following is a list of all the charac- 
ters and what they stand for. 


A: Address 

ARY: Asynchronous Ready Input 
C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (DT/R, DEN, ... ) 
D: Data Input 

De: DEN 

H: Logic Level High 
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IN: Input (DRQO, TIMO, ... ) 
LE Logic Level Low or ALE 
O: Output 

QS: Queue Status (QS1, QS2) 
R: — RD signal, RESET signal 
S: Status (SO, $1, S2) 

SRY: Synchronous Ready Input 
V: Valid 

W: WR Signal 

Xx: No Longer a Valid Logic Level 
Zz: Float 

Examples: 


TcLay — Time from Clock low to Address valid 
TCHLH — Time from Clock high to ALE high 
Tcicsv — Time from Clock low to Chip Select valid 
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WAVEFORMS 
MAJOR CYCLE TIMING 


Vou T To Tz Tw 
TCH1CH2 TCL2CL 1 
—— TCLCL 


Pasa a 
== 


vith re 
BHE/S, (S,), 


met a ASCEND | =O 
raed PE 
a ater 


(A15-A8) A15-A8 (FLOAT DURING INTA) 
xan 


: (Troe) (ae 2 eee 
WRITE CYCLE hee je ond ae 
= TCVCTX mae 


RD,INTA, 


DT/R=Voy a 


—| 3 


AD15-0 


POINTER 
(AD7 -ADpo) FLOAT =D FLOAT 
HCTV TCHCTV 
INTA CYCLE List 
DT/R 
a = eat isi 
Sa 
5 +4 / 
rs Ags 


SOFTWARE HALT-DT/R= /R=Voy» 


RD, WR, INTA, DEN= =Voy INVALID ADDRESS 


PCS, 
MCS 
LCs, 
UCS 
(NOTE 3) 
272430-8 


NOTE: 
Pin names in parentheses apply to the 80188. 
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WAVEFORMS (Continued) 
MAJOR CYCLE TIMING (Continued) 


T3 
TCL2CL1 


, ‘ 


el bararrmd 

ere Soc 

re 
ToLaKe ea 


TCHDX 


srieranames-nues |_| KX warns XT =e |.) 


AD15-0 
(AD, - ADg) 


READ CYCLE 


WR, INTA = Vox 


a TCXCSX 3 <+— 
(NOTE 3) 

NOTES: 272430-9 

1. INTA occurs one clock later in slave mode. 

2. Status inactive just prior to T4. 

3. If latched A1 and A2 are selected instead of PCS5 and PCS6, only Tc. csy is applicable. 

4. Pin names in parentheses apply to the 80188. 
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WAVEFORMS (Continued) 


CLKOUT 


272430-10 


CLKOUT 


TINVCH q 


TINVCL 


NMI, 


TEST; 
INTO-3 
TIMERIN 


272430-11 


CLKOUT 


TCHQSV 


QS0,QS1 


272430-12 
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WAVEFORMS (Continued) 


2-22 


NMI 
TEST 
INTO-3 
TIMERIN 


— > TCLLY <— 


TINVCH 


— >| TCLLV 


272430-13 


< 


TINVCL —> 


272430-14 


a 
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WAVEFORMS (Continued) 


READY TIMING 


CLKOUT 


TARYHCH —}>|  j=<— —p| j<— TCLARX 


CLKOUT 


—> —<— TCLSRY 


TARYLCL—}> 


80186/80188 
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WAVEFORMS (Continued) 


HOLD/HLDA TIMING (Entering Hold) 


AD15 — ADO 
(A15 — AB, 
AD7 - ADO), 
DEN 


A19/S6 - A16/S3, 
____ RD, WR, 
BHE/S7 (87), 
DT/R, $2 - SO, 

LOCK 


HOLD/HLDA TIMING (Leaving Hold) 


CLKOUT 


AD15 - ADO 
(A15— A8, 
AD7- ADO), 
DEN 


Al 9/S6 - A16/S3, 
____ ~—xAD, Wi 
BHE/S7 (S7), 
DT/R, S2 - SO, 

LOCK 


272430-16 
NOTE: 
Pin names in parentheses apply to the 80188. 
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WAVEFORMS (Continued) 


80186/80188 


TCHICH2 


CLKOUT 


TINVCH 


TIMERIN 


TIMEROUT 


EXPRESS 


The Intel EXPRESS system offers enhancements to 
the operational specifications of the microprocessor. 
EXPRESS products are designed to meet the needs 
of those applications whose operating requirements 
exceed commercial standards. 


The EXPRESS program includes the commercial 
standard temperature range with burn-in and an ex- 
tended temperature range without burn-in. 


With the commercial standard temperature range 
operational characteristics are guaranteed over the 
temperature range of 0°C to +70°C. With the ex- 
tended temperature range option, operational char- 
acteristics are guaranteed over the range of — 40°C 
to +85°C. 


The optional burn-in is dynamic, for a minimum time 
of 160 hours at + 125°C with Voc = 5.5V +0.25V, 
following guidelines in MIL-STD-883, Method 1015. 


2% to 6, CLOCKS 


272430-17 


Package types and EXPRESS versions are identified 
by a one- or two-letter prefix to the part number. The 
prefixes are listed in Table 2. All A.C. and D.C. speci- 
fications not mentioned in this section are the same 
for both commercial and EXPRESS parts. 


Table 2. Prefix identification 


[ta [aa [extended [No 
Tan [tcc [commercial | Yes 


NOTE: 
Not all package/temperature range/speed combinations 
are available. 


[~_|_paa | Commerc | No 
Tn] _puco | commerciar | No 
wad ne 
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EXECUTION TIMINGS 


A determination of program execution timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum ex- 
ecution time in clock cycles for each instruction. The 
timings given are based on the following assump- 
tions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


@ No wait states or bus HOLDS occur. 


e All word-data is located on even-address bound- 
aries. 
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All instructions which involve memory accesses can 
also require one or two additional clocks above the 
minimum timings shown due to the asynchronous 
handshake between the bus interface unit (BIU) and 
execution unit. 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


The 80186 has sufficient bus performance to ensure 
that an adequate number of prefetched bytes will 
reside in the queue (6 bytes) most of the time. 
Therefore, actual program execution time will not be 
substantially greater than that derived from adding 
the instruction timings shown. 


The 80188 is noticeably limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time may be substantially greater 
than that derived from adding the instruction timings 
shown. 


: intel. | | | 80186/80188 


INSTRUCTION SET SUMMARY 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 1000100w | modreg r/m 


Register/memory to register 1000101w mod reg r/m 


mod 000 r/m data 8/16-bit 
Immediate to register 1011w reg data 8/16-bit 
Memory to accumulator 1010000w 
Accumulator to memory 1010001w addr-low 


Register/memory to segment register 10001110 mod 0 reg r/m 


Segment register to register/ memory 10001100 mod 0 reg r/m 


Immediate to register/memory 


PUSH = Push: 
Memory TT137 C7 3 mod 110 r/m 


Register 01010 reg 


Segment register 000reg110 


mod000 r/m 


01011 reg 
Segment register 000reg111 (reg¥#01) 


XCHG = Exchange: 
Register/memory with register 1000011w mod reg r/m 


Register with accumulator 10010 reg 


IN = Input from: 
Fixed port 

Variable port 

OUT = Output to: 
Fixed port 


a 


Variable port 1110111wW 


XLAT = Translate byte to AL 


LEA = Load EA to register 10001101 mod reg r/m 


LDS = Load pointer to DS 11000101 (mod¥11) 
LES = Load pointer to ES 11000100 mod reg r/m (mod# 11) 


LAHF = Load AH with flags 
SAHF = Store AH into flags 


PUSHF = Push flags 10011100 


POPF = Pop flags 10011101 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 
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INSTRUCTION SET SUMMARY (Continued) 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


cS 00101110 


00110110 


& 


ES 00100110 


Reg/memory with register to either 000000dw mod reg r/m 


data 


data if w=1 


Immediate to register/memory 100000sw mod000 r/m 


Immediate to accumulator 0000010w data 8/16-bit 


ADC = Add with carry: 
Reg/memory with register to either 000100dw mod reg r/m 


mod010 r/m data ifs w=01 


data 


Immediate to register/memory 100000sw 


Immediate to accumulator 0001010w data if w= 1 8/16-bit 


INC = Increment: 


Register/memory 111111 1wW mod000 r/m 


Register 01000 reg 


SUB = Subtract: 
Reg/memory and register to either 001010dw mod reg r/m 


mod 101 r/m data data ifs w=01 


data if w= 1 


Immediate from register/ memory 100000sw 


Immediate from accumulator 0010110Ww data 8/16-bit 


SBB = Subtract with borrow: 
Reg/memory and register to either 000110dw 


mod reg r/m 
immediate from register/memory 100000sw mod011 r/m data data ifsw=01 


Immediate from accumulator 0001110Ww data data if w= 1 8/16-bit 


DEC = Decrement 
Register/memory ' 1117111w mod001 r/m 


Register 01001 reg 
CMP = Compare: 


Register/memory with register mod reg r/m 


Register with register/memory 0011100w 
Immediate with register/memory 100000sw mod111 r/m data data ifs w=01 


Immediate with accumulator 0011110w data data if w=1 8/16-bit 


mod011 r/m 


NEG = Change sign register/memory 
AAA = ASCIil adjust for add 

DAA = Decimal adjust for add 00100111 
AAS = ASCIl adjust for subtract 


DAS = Decimal adjust for subtract 


mod 100 r/m 


MUL = Multiply (unsigned): 


Register-Byte 
Register-Word 
Memory-Byte 

Memory-Word 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 


2-28 


intel. 


INSTRUCTION SET SUMMARY (Continued) 


Function 


ARITHMETIC (Continued) 
IMUL = Integer multiply (signed): 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


DIV = Divide (unsigned): 


Register-Byte 
Register-Word 
Memory-Byte 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCII adjust for multiply 
AAD = ASCIli adjust for divide 

CBW = Convert byte to word 

CWD = Convert word to double word 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 


Register/Memory by CL 


AND = And: 
Reg/memory and register to either 


Immediate to register/memory 


Immediate to accumulator 


Register/memory and register 
Immediate data and register/memory 
Immediate data and accumulator 


OR = Or: 
Reg/memory and register to either 


Immediate to register/memory 


Immediate to accumulator 


1111011w mod 101 r/m 


80186/80188 


Comments 


1111011w mod 110 r/m 


mod111 r/m 


1111011Ww 


11010100 00001010 


11010101 00001010 
10011000 


10011001 


1101000w 


| 


3 
a 
: 
3 


TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
Taen SAR 


001000dw 
1000000w 


0010010w 


[1101000w | mod TTT r/m 


5+n/17+n15+n/17+n 


mod 100 r/m data if w=1 


data if w=1 


8/16-bit 


8/16-bit 


mod 001 r/m data if w=1 


data if w=1 


8/16-bit 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


NOTE: 


*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 
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INSTRUCTION SET SUMMARY (Continued) 


LOGIC (Continued) 
XOR = Exclusive or: 


Reg/memory and register to either 
Immediate to register/ memory 
Immediate to accumulator 


NOT = Invert register/memory 
STRING MANIPULATION 
MOVS = Move byte/word 


CMPS = Compare byte/word 


SCAS = Scan byte/word 


LODS = Load byte/wd to AL/AX 


STOS = Store byte/wd from AL/AX 


MOVS = Move string 
CMPS = Compare string 
SCAS = Scan string 
LODS = Load string 
STOS = Store string 


JCONTROL TRANSFER 
CALL = Call: 
Direct within segment 


Register/memory 
indirect within segment 


Direct intersegment 


Indirect intersegment 


JMP = Unconditional jump: 


Short/long 


Direct within segment 


Register/memory 
indirect within segment 


Direct intersegment 


indirect intersegment 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


NOTE: 


*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 
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mod 110 r/m data if w= 1 


mod010 r/m 


1010010w 


ie 
sd 


10011010 


segment selector 


mod011 r/m (mod ¥ 11) 


disp-low 


disp-low 


mod 100 r/m 


segment offset 


segment selector 


mod101 r/m 


(mod # 11) 


8/16-bit 


S -8 et ok -— 2 > += * a a ee 7 wll a - b 4 . J 
ba ere 9 | ee 4. -) j sam vee oe! 2? ee ae. a7. ae os at ek? se i et l«g ‘. Vy. ey 
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INSTRUCTION SET SUMMARY (Continued) 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within segment 11000011 


data-low data-high 


Within seg adding immed to SP 11000010 


Intersegment 11001011 


Intersegment adding immediate to SP 11001010 data-low data-high 


JMP not 
taken/JMP 
taken 


JE/JZ = Jump on equal/zero 01110100 


JL/JNGE = Jump on less/not greater or equal 01111100 disp 


JLE/JNG = Jump on less or equal/not greater 


JB/JNAE = Jump on below/not above or equal 01110010 


JBE/JNA = Jump on below or equal/not above 


JP/JPE = Jump on parity/parity even 01111010 
O = Jump on overflow 01110000 disp 


JS = Jump on sign 01111000 


JNE/JNZ = Jump on not equal/not zero 01110101 


JNL/JGE = Jump on not less/greater or equal 01111101 


JNLE/JG = Jump on not less or equal/greater O377 2054 
JNB/JAE = Jump on not below/above or equal 


JNBE/JA = Jump on not below or equal/above 


JNP/JPO = Jump on not par/par odd O01 11811 


JNO = Jump on not overflow 01110001 


JNS = Jump on not sign 


JCXZ = Jump on CX zero 11100011 


LOOP = Loop CX times 11100010 LOOP not 


taken/LOOP 
LOOPZ/LOOPE = Loop while zero/equal *1 11100001 


LOOPNZ/LOOPNE = Loop while not zero/equal | 11100000 


INT = Interrupt: 


Z 
8 


Type specified 


11001100 if INT. taken/ 


p apne if INT. not 
= Interrupt on overflow a7 taken 


= Interrupt return 


RS.ceeah BSS eaSe Heb LEST 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 
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Function 


PROCESSOR CONTROL 


CLC = Clear carry 11111000 


CMC = Complement carry 11110101 
STC = Set carry 11111001 
CLD = Clear direction TIDTTLIOCG 
STD = Set direction 147471101 
CLI = Clear interrupt TELATIOVO 
STI = Set interrupt 113190171 
HLT = Halt 11110100 


WAIT = Wait 10011011 


LOCK = Bus lock prefix 11110000 


ESC = Processor Extension Escape 


“_ 


NOP = No Operation 10010000 


INSTRUCTION SET SUMMARY (Continued) 


80186 80188 
Format Clock Clock Comments 
Cycles Cycles 


17001T TT mod LLL r/m 


TTT LLL are opcode to processor extension) 


Shaded areas indicate instructions not available in 8086, 8088 microsystems. 


NOTE: 


*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for each memory transfer. 


FOOTNOTES 


The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 

if mod = 11 then r/m is treated as REG field 

if mod = 00 then DISP = 0%, disp-low and disp-high are absent 

if mod = 01 then DISP = disp-low sign-extended to 16-bits, disp-high 
is absent 

if mod = 10 then DISP = disp-high: disp-low 

if r/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (Dl) + DISP 

if r/m = 010 then EA = (BP) + (SI) + DISP 

if r/m = 011 then EA = (BP) + (DI) + DISP 

if r/m = 100 then EA = (SI) + DISP 

if r/m = 101 then EA = (DI) + DISP 

if r/m = 110 then EA = (BP) + DISP* 

if r/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 


*except if mod = 00 and r/m = 110 then EA = 
disp-high: disp-low. 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


Segment Override Prefix 
0 0 1 reg 1 1 0 
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reg is assigned according to the following: 


reg Segment 
Register 

00 ES 

01 CS 

10 Ss 

11 DS 


REG is assigned according to the following table: 


16-Bit (w = 1) 8-Bit (w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 Dl 111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 


intel. 


REVISION HISTORY 


This data sheet replaces the following data sheets: 


210706-011 80188 
210451-011 80186 


80186/80188 
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PRELIMINARY 


80C 186XL/80C188XL 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSORS 


Low Power, Fully Static Versions of 
80C 186/80C 188 


Operation Modes: 
— Enhanced Mode 
— DRAM Refresh Control Unit 
— Power-Save Mode 
— Direct Interface to 80C 187 
(80C186XL Only) 
— Compatible Mode 
— NMOS 80186/80188 Pin-for-Pin 
Replacement for Non-Numerics 
Applications 


Integrated Feature Set 

— Static, Modular CPU 

— Clock Generator 

-— 2 Independent DMA Channels 

— Programmable Interrupt Controller 

— 3 Programmable 16-Bit Timers 

— Dynamic RAM Refresh Control Unit 

— Programmable Memory and 
Peripheral Chip Select Logic 

— Programmable Wait State Generator 

— Local Bus Controller 

— Power-Save Mode 

— System-Level Testing Support (High 

- Impedance Test Mode) 


= Completely Object Code Compatible 


with Existing 8086/8088 Software and 
Has 10 Additional Instructions over 
8086/8088 


Speed Versions Available 
— 20 MHz (80C 186XL20/80C 188XL20) 
— 12 MHz (80C 186XL12/80C 188XL12) 


Direct Addressing Capability to 
1 MByte Memory and 64 Kbyte I/O 


Complete System Development 

Support 

— ASM 86 Assembler, PL/M-86, iC-86 
and System Utilities 

— In-Circuit-Emulator 


Available in 68-Pin: 

— Plastic Leaded Chip Carrier (PLCC) 

— Ceramic Pin Grid Array (PGA) 

— Ceramic Leadless Chip Carrier 
(JEDEC A Package) 


Available in 80-Pin: 
— Quad Flat Pack (ElAJ) 
— Shrink Quad Flat Pack (SGFP) 


Available in Extended Temperature 
Range (— 40°C to + 85°C) 


The Intel 80C186XL is a Modular Core re-implementation of the 80C186 Microprocessor. It offers higher speed 
and lower power consumption than the standard 80C186 but maintains 100% clock- for-clock functional com- 
patibility. Packaging and pinout are also identical. 
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Note 1: 
L1 Value 
12.0 wH +20% 
8.2 wH +20% 
32 MHz 4.7 wH + 20% 
40 MHz 3.0 wH +20% 
LC network is only required when using a third 
overtone crystal. 


XTAL Frequency 
20 MHz 
25 MHz 


Figure 2. Oscillator Configurations (see text) 


INTRODUCTION 


Unless specifically noted, all references to the 
80C186XL apply to the 80C188XL. References to 
pins: that differ between the 80C186XL and the 
80C188XL are given in parentheses. 


The following Functional Description describes the 
base architecture of the 80C186XL. The 80C186XL 
is a very high integration 16-bit microprocessor. It 
combines 15-20 of the most common microproces- 
sor system components onto one chip. The 
80C186XL is object code compatible with the 
8086/8088 microprocessors and adds 10 new in- 
struction types. to the 8086/8088 instruction set. 


The 80C186XL has two major modes of operation, 
Compatible and Enhanced. In Compatible Mode the 
80C186XL is completely compatible with NMOS 
80186, with the exception of 8087 support. The En- 
hanced mode adds three new features to the system 
design. These are Power-Save control, Dynamic 
RAM refresh, and an asynchronous Numerics Co- 
processor interface (80C186XL only). 


80C186XL CORE ARCHITECTURE 


80C 186XL Clock Generator 


The 80C186XL provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, synchronous and asynchronous 
ready inputs, and reset circuitry. 


PRELIMINARY 


The 80C186XL oscillator circuit is designed to be 
used either with a parallel resonant fundamental or 
third-overtone mode crystal, depending upon the 
frequency range of the application. This is used as 
the time base for the 80C186XL. 


The output of the oscillator is not directly available 
outside the 80C186XL. The recommended crystal 
configuration is shown in Figure 2b. When used in 
third-overtone mode, the tank circuit is recommend- 
ed for stable operation. Alternately, the oscillator 
may be driven from an external source as shown in 
Figure 2a. 


The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide by two counter. This counter is 
used to drive all internal phase clocks and the exter- 
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys- 
tem components. All AC Timings are referenced to 
CLKOUT. 


Intel recommends the following values for crystal se- 
lection parameters. 


Temperature Range: Application Specific 


ESR (Equivalent Series Resistance): 602M max 
Co (Shunt Capacitance of Crystal): 7.0 pF max 
C, (Load Capacitance): 20 pF +2 pF 
Drive Level: 2 mW max 
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Bus Interface Unit 


The 80C186XL provides a local bus controller to 
generate the local bus control signals. In addition, it 
employs a HOLD/HLDA protocol for relinquishing 
the local bus to other bus masters. It also provides 
outputs that can be used to enable external buffers 
and to direct the flow of data on and off the local 
bus. 


The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in- 
formation. It is also responsible for reading data 
from the local bus during a read operation. Synchro- 
nous and asynchronous ready input pins are provid- 
ed to extend a bus cycle beyond the minimum four 
states (clocks). 


The 80C186XL bus controller also generates two 
control signals (DEN and DT/R) when interfacing to 
external transceiver chips. This capability allows the 
addition of transceivers for simple buffering of the 
multiplexed address/data bus. 


During RESET the local bus controller will perform 
the following action: 


e Drive DEN, RD and WR HIGH for one clock cy- 
cle, then float them. 


® Drive SO-S2 to the inactive state (all HIGH) and 
then float. 


e Drive LOCK HIGH and then float. 


¢ Float ADO-15 (ADO-8), A16-19 (A9-A19), BHE 
(RFSH), DT/R. 


e Drive ALE LOW 
e Drive HLDA LOW. 


RD/QSMD, UCS, LCS, MCS0/PEREQ, MCS1/ 
ERROR and TEST/BUSY pins have internal pullup 
devices which are active while RES is applied. Ex- 
cessive loading or grounding certain of these pins 
causes the 80C186XL to enter an alternative mode 
of operation: 

e RD/QSMD low results in Queue Status Mode. 

e UCS and LCS low results in ONCE Mode. 


e TEST/BUSY low (and high later) results in En- 
hanced Mode. 


80C186XL PERIPHERAL 
ARCHITECTURE 


All the 80C186XL integrated peripherals are con- 
trolled by 16-bit registers contained within an inter- 
nal 256-byte control block. The control block may be 
mapped into either memory or I/O space. Internal 
logic will recognize control block addresses and re- 
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spond to bus cycles. An offset map of the 256-byte 
control register block is shown in Figure 3. 


Chip-Select/Ready Generation Logic 


The 80C186XL contains logic which provides 
programmable chip-select generation for both mem- 
ories and peripherals. In addition, it can be 
programmed to provide READY (or WAIT state) gen- 
eration. It can also provide latched address bits A1 
and A2. The chip-select lines are active for all mem- 
ory and !/O cycles in their programmed areas, 
whether they be generated by the CPU or by the 
integrated DMA unit. 


The 80C186XL provides 6 memory chip select out- 
puts for 3 address areas; upper memory, lower 
memory, and midrange memory. One each is provid- 
ed for upper memory and lower memory, while four 
are provided for midrange memory. 


OFFSET 


Relocation Register FEH 
DMA Descriptors Channel 1 


DMA Descriptors Channel 0 
Chip-Select Control Registers 


Time 2 Control Registers 
Time 1 Control Registers 
Time 0 Control Registers 


Interrupt Controller Registers 


Figure 3. Internal Register Map 


The 80C186XL provides a chip select, called UCS, 
for the top of memory. The top of memory is usually 
used as the system memory because after reset the 
80C186XL begins executing at memory location 
FFFFOH. 


PRELIMINARY 


< + 
- 
™ 
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The 80C186XL provides a chip select for low memo- 
ry called LCS. The bottom of memory contains the 
interrupt vector table, starting at location OOOOOH. 


The 80C186XL provides four MCS lines which are 
active within a user-locatable memory block. This 
block can be located within the 80C186XL 1 Mbyte 
memory address space exclusive of the areas de- 
fined by UCS and LCS. Both the base address and 
size of this memory block are programmable. 


The 80C186XL can generate chip selects for up to 
seven peripheral devices. These chip selects are ac- 
tive for seven contiguous blocks of 128 bytes above 
a programmable base address. The base address 
may be located in either memory or |/O space. 


The 80C186XL can generate a READY signal inter- 
nally for each of the memory or peripheral CS lines. 
The number of WAIT states to be inserted for each 
peripheral or memory is programmable to provide 
0-3 wait states for all accesses to the area for 
which the chip select is active. In addition, the 
80C186XL may be programmed to either ignore ex- 
ternal READY for each chip-select range individually 
or to factor external READY with the integrated 
ready generator. 


Upon RESET, the Chip-Select/ dees Logic will per- 
form the following actions: 


e All chip-select outputs will be driven HIGH. 


e Upon leaving RESET, the UCS line will be pro- 
grammed to provide chip selects to a 1K block 
with the accompanying READY control bits set at 
011 to insert 3 wait states in conjunction with ex- 
ternal READY (i.e., UMCS resets to FFFBH). 


e No other chip select or READY control registers 
have any predefined values after RESET. They 
will not become active until the CPU accesses 
their control registers. 


DMA Unit 


The 80C186XL DMA controller provides two inde- 
pendent high-speed DMA channels. Data transfers 
can occur between memory and I/O spaces (e.g., 
Memory to I/O) or within the same space (e.g., 
Memory to Memory or I/O to I/O). Data can be 
transferred either in bytes (8 bits) or in words (16 
bits) to or from even or odd addresses. 


NOTE: 
Only byte transfers are possible on the 80C188XL. 


Each DMA channel maintains both a 20-bit source 
and destination pointer which can be optionally in- 
cremented or decremented after each data transfer 
(by one or two depending on byte or word transfers). 
- Each data transfer consumes 2 bus cycles (a mini- 
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mum of 8 clocks), one cycle to fetch data and the 
other to store data. 


Timer/Counter Unit 


The 80C186XL provides three internal 16-bit pro- 
grammable timers. Two of these are highly flexible 
and are connected to four external pins (2 per timer). 
They can be used to count external events, time ex- 
ternal events, generate nonrepetitive waveforms, 
etc. The third timer is not connected to any external 
pins, and is useful for real-time coding and time de- 
lay applications. In addition, the third timer can be 
used as a prescaler to the other two, or as a DMA 
request source. 


Interrupt Control Unit 


The 80C186XL can receive interrupts from a number 
of sources, both internal and external. The 
80C186XL has 5 external and 2 internal interrupt 
sources (Timer/Couners and DMA). The internal in- 
terrupt controller serves to merge these requests on 
a priority basis, for individual service by the CPU. 


Enhanced Mode Operation 


In Compatible Mode the 80C186XL operates with all 
the features of the NMOS 80186, with the exception 
of 8087 support (i.e. no math coprocessing is possi- 
ble in Compatible Mode). Queue-Status information 
is still available for design purposes other than 8087 
support. 


All the Enhanced Mode features are completely 
masked when in Compatible Mode. A write to any of 
the Enhanced Mode registers will have no effect, 
while a read will not return any valid data. 


In Enhanced Mode, the 80C186XL will operate with 
Power-Save, DRAM refresh, and numerics coproc- 
essor support (80C186XL only) in addition to all the 
Compatible Mode features. 


If connected to a math coprocessor (80C186XL 
only), this mode will be invoked automatically. With- 
out an NPX, this mode can be entered by tying the 
RESET output signal from the 80C186XL to the 
TEST/BUSY input. 


Queue-Status Mode 


The queue-status mode is entered by strapping the 
RD pin low. RD is sampled at RESET and if LOW, 
the 80C186XL will reconfigure the ALE and WR pins 
to be QSO and QS1 respectively. This mode is avail- 
able on the 80C186XL in both Compatible and En- 
hanced Modes. 
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DRAM Refresh Control Unit 


The Refresh Control Unit (RCU) automatically gen- 
erates DRAM refresh bus cycles. The RCU operates 
only in Enhanced Mode. After a programmable peri- 
od of time, the RCU generates a memory read re- 
quest to the BIU. If the address generated during a 
refresh bus cycle is within the range of a properly 
programmed chip select, that chip select will be acti- 
vated when the BIU executes the refresh bus cycle. 


Power-Save Control 


The 80C186XL, when in Enhanced Mode, can enter 
a power saving state by internally dividing the proc- 
essor clock frequency by a programmable factor. 
This divided frequency is also available at the 
CLKOUT pin. 


All internal logic, including the Refresh Control Unit 
and the timers, have their clocks slowed down by 
the division factor. To maintain a real time count or a 
fixed DRAM refresh rate, these peripherals must be 
re-programmed when entering and leaving the pow- 
er-save mode. 


interface for 80C187 Math 
Coprocessor (80C186XL Only) 


In Enhanced Mode, three of the mid-range memory 
chip selects are redefined according to Table 1 for 
use with the 80C187. The fourth chip select, MCS2 


2-40 


a: 

intel. 
functions as in compatible mode, and may be pro- 
grammed for activity with ready logic and wait states 


accordingly. As in Compatible Mode, MCS2 will func- 
tion for one-fourth a programmed block size. 


Table 1. MCS Assignments 


Compatible Enhanced Mode 
Mode 


PEREQ Processor Extension Request 
ERROR NPX Error 

MCS2_ Mid-Range Chip Select 

NPS — Numeric Processor Select 


NP 


ONCE Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186XL has a test 
mode available which allows all pins to be placed in 
a high-impedance state. ONCE stands for ‘‘ON Cir- 
cuit Emulation”. When placed in this mode, the 
80C186XL will put all pins in the high-impedance 
state until RESET. 


The ONCE mode is selected by tying the UCS and 
the LCS LOW during RESET. These pins are sam- 
pled on the On one transition of the RES pin. 
The UCS and the LCS pins have weak internal pull- 
up resistors similar to the RD and TEST/BUSY pins 
to guarantee ONCE Mode is not entered inadver- 
tently during normal operation. LCS and UCS must 
be held low at least one clock after RES goes high 
to guarantee entrance into ONCE Mode. 
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PACKAGE INFORMATION 


This section describes the pin functions, pinout and 
thermal characteristics for the 80C186XL in the 
Quad Flat Pack (QFP), Plastic Leaded Chip Carrier 
(PLCC), Leadless Chip Carrier (LCC) and the Shrink 
Quad Flat Pack (SQFP). For complete package 
specifications and information, see the Intel Packag- 
ing Outlines and Dimensions Guide (Order Number: 
231369). 


Pin Descriptions 


Each pin or logical set of pins is described in Table 
3. There are four columns for each entry in the Pin 
Description Table. The following sections describe 
each column. 


Column 1: Pin Name 


In this column is a mnemonic that de- 
scribes the pin function. Negation of the 
signal name (i.e., RESIN) implies that 
the signal is active low. 


Column 2: Pin Type 


A pin may be either power (P), ground 
(G), input only (I), output only (O) or in- 
put/output (I/O). Please note that some 
pins have more than one function. 


Column 3: Input Type (for | and 1/O types only) 


These are two different types of input 
pins on the 80C186XL: asynchronous 
and synchronous. Asynchronous pins 
require that setup and hold times be met 
only to guarantee recognition. Synchro- 
nous input pins require that the setup 
and hold times be met to guarantee 
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proper operation. Stated simply, missing 
a setup or hold on an asynchronous pin 
will result in something minor (i.e., a tim- 
er count will be missed) whereas miss- 
ing a setup or hold on a synchronous pin 
result in system failure (the system will 
“lock up’’). 


An input pin may also be edge or level 
sensitive. 


Column 4: Output States (for O and I/O types 
only) 


The state of an output or I/O pin is de- 
pendent on the operating mode of the 
device. There are four modes of opera- 
tion that are different from normal active 
mode: Bus Hold, Reset, Idle Mode, Pow- 
erdown Mode. This column describes 
the output pin state in each of these 
modes. 


The legend for interpreting the information in the Pin 
Descriptions is shown in Table 2. 


As an example, please refer to the table entry for 
AD7:0. The “I/O” signifies that the pins are bidirec- 
tional (i.e., have both an input and output function). 
The “S” indicates that, as an input the signal must 
be synchronized to CLKOUT for proper operation. 
The “H(Z)” indicates that these pins will float while 
the processor is in the Hold Acknowledge state. 
R(Z) indicates that these pins will float while RESIN 
is low. 


All pins float while the processor is in the ONCE 
Mode (with the exception of X2). 
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Table 2. Pin Description Nomenclature 


Power Pin (apply + Vcc voltage) 
Ground (connect to Vss) 

Input only pin 

Output only pin 

Input/Output pin 


Synchronous, edge sensitive 
Synchronous, level sensitive 
Asynchronous, edge sensitive 
Asynchronous, level sensitive 


Output driven to Vcc during bus hold 
Output driven to Vss during bus hold 
Output floats during bus hold 

Output remains active during bus hold 
Output retains current state during bus hold 


Output weakly held at Vcc during reset 
Output driven to Vcc during reset 
Output driven to Vss during reset 
Output floats during reset 

Output remains active during reset 
Output retains current state during reset 
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Table 3. Pin Descriptions 


Input | Output 


eo eth eae System Power: + 5 volt power supply. 
|G | |_| system Ground. 
re H(0) 
R(1) 


RESET Output indicates that the CPU is being reset, and can 
be used as a system reset. It is active HIGH, synchronized 
with the processor clock, and lasts an integer number of 
clock periods corresponding to the length of the RES signal. 
Reset goes inactive 2 clockout periods after RES goes 
inactive. When tied to the TEST/BUSY pin, RESET forces 
the processor into enhanced mode. RESET is not floated 
ee bus hold. 


Pe es, se bierystel Inputs X1 and X2 provide external connections for a 
fundamental mode or third overtone parallel resonant crystal 
for the internal oscillator. X1 can connect to an external 
clock instead of a crystal. In this case, minimize the 
capacitance on X2. The input or oscillator frequency is 
internally divided by two to generate the clock signal 
(CLKOUT). 


Clock Output provides the system with a 50% duty cycle 
waveform. All device pin timings are specified relative to 
CLKOUT. CLKOUT is active during reset and bus hold. 


An active RES causes the processor to immediately 
terminate its present activity, clear the internal logic, and 
enter a dormant state. This signal may be asynchronous to 
the clock. The processor begins fetching instructions 
approximately 61% clock cycles after RES is returned HIGH. 
For proper initialization, Vcc must be within specifications 
and the clock signal must be stable for more than 4 clocks 
with RES held LOW. RES is internally synchronized. This 
input is provided with a Schmitt-trigger to facilitate power-on 
RES generation via an RC network. 


TEST/BUSY 
(TEST) 


The TEST pin is sampled during and after reset to determine 
whether the processor is to enter Compatible or Enhanced 
Mode. Enhanced Mode requires TEST to be HIGH on the 
rising edge of RES and LOW four CLKOUT cycles later. Any 
other combination will place the processor in Compatible 
Mode. During power-up, active RES is required to configure 
TEST/BUSY as an input. A weak internal pullup ensures a 
HIGH state when the input is not externally driven. 


TEST—In Compatible Mode this pin is configured to operate 
as TEST. This pin is examined by the WAIT instruction. If the 
TEST input is HIGH when WAIT execution begins, instruction 
execution will suspend. TEST will be resampled every five 
clocks until it goes LOW, at which time execution will 
resume. If interrupts are enabled while the processor is 
waiting for TEST, interrupts will be serviced. 


BUSY (80C186XL Only)—In Enhanced Mode, this pin is 
configured to operate as BUSY. The BUSY input is used to 
notify the 80C186XL of Math Coprocessor activity. Floating 
point instructions executing in the 80C186XL sample the 
BUSY pin to determine when the Math Coprocessor is ready 
to accept a new command. BUSY is active HIGH. 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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Table 3. Pin Descriptions (Continued) 


TMR IN O 
TMR IN 1 


Timer Inputs are used either as clock or control signals, 
depending upon the programmed timer mode. These 
inputs are active HIGH (or LOW-to-HIGH transitions are 
counted) and internally synchronized. Timer Inputs must 
be tied HIGH when not being used as clock or retrigger 
inputs. 


TMR OUT 0 
TMR OUT 1 


Timer outputs are used to provide single pulse or 
continuous waveform generation, depending upon the 
timer mode selected. These outputs are not floated 
during a bus hold. 


DRQO 
DRQ1 


DMA Request is asserted HIGH by an external device 
when it is ready for DMA Channel 0 or 1 to perform a 
transfer. These signals are level-triggered and i edad 
synchronized. 


The Non-Maskable Interrupt input causes a Type 2 
interrupt. An NMI transition from LOW to HIGH is 
latched and synchronized internally, and initiates the 
interrupt at the next instruction boundary. NMI must be 
asserted for at least one CLKOUT period. The Non- 
Maskable Interrupt cannot be avoided by programming. 


INTO 


INT1/SELECT 


INT2/INTAO 
INTQ/INTAT /IRQ 


Maskable Interrupt Requests can be requested by 
activating one of these pins. When configured as inputs, 


these pins are active HIGH. Interrupt Requests are 

A(E) H(1) synchronized internally. INT2 and INT3 may be 

A(L) R(Z) configured to provide active-LOW interrupt- 
acknowledge output signals. All interrupt inputs may be 
configured to be either edge- or level-triggered. To 
ensure recognition, all interrupt requests must remain 
active until the interrupt is acknowledged. When Slave 
Mode is selected, the function of these pins changes 


(see Interrupt Controller section of this data sheet). 


A19/S6 H(Z) Address Bus Outputs and Bus Cycle Status (3-6) | 

A18/S5 R(Z) indicate the four most significant address bits during T;. 

A17/S4 These signals are active HIGH. 

A16/S3 During To, T3, Tw and Ty, the S6 pin is LOW to indicate 

(A8—A15) a CPU-initiated bus cycle or HIGH to indicate a DMA- 
initiated or refresh bus cycle. During the same T-states, 
S3, S4 and S5 are always LOW. On the 80C188XL, 
A15-A8 provide valid address information for the entire 


bus cycle. 


ADO-AD15 I/O S(L) H(Z) Address/Data Bus signals constitute the time 

(ADO-AD7) R(Z) multiplexed memory or I/O address (T+) and data (To, 
T3, Tw and T4) bus. The bus is active HIGH. For the 
80C186XL, Ao is analogous to BHE for the lower byte of 
the data bus, pins D7 through Do. It is LOW during T; 
when a byte is to be transferred onto the lower portion 
of the bus in memory or I/O operations. 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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Table 3. Pin Descriptions (Continued) 


BHE 
(RFSH) 


The BHE (Bus High Enable) signal is analogous to AO in that it is 
used to enable data on to the most significant half of the data bus, 
pins D15—D8. BHE will be LOW during T; when the upper byte is 
transferred and will remain LOW through T3 and Tw. BHE does 
not need to be latched. On the 80C188XL, RFSH is asserted LOW 
to indicate a refresh bus cycle. 


In Enhanced Mode, BHE (RFSH) will also be used to signify 


DRAM refresh cycles. A refresh cycle is indicated by both BHE 
(RFSH) and AO being HIGH. 


80C186XL BHE and AO Encodings 


BRE 
Value i 


Word Transfer 

Byte Transfer on upper half of data bus 
(D15-—D8) 

Byte Transfer on lower half of data bus (D7—Do) 
Refresh 


Address Latch Enable/Queue Status 0 is provided by the 
processor to latch the address. ALE is active HIGH, with 
addresses guaranteed valid on the trailing edge. 


Write Strobe/Queue Status 1 indicates that the data on the bus is 
to be written into a memory or an I/O device. It is active LOW. 
When the processor is in Queue Status Mode, the ALE/QS0 and 
WR/QS1 pins provide information about processor/instruction 
queue interaction. 


ALE/QSO H(0) 


WR/QS1 H(Z) 


No queue operation 
First opcode byte fetched from the queue 
Subsequent byte fetched from the queue 
Empty the queue 


Read Strobe is an active LOW signal which indicates that the 
processor is performing a memory or I/O read cycle. It is 
guaranteed not to go LOW before the A/D bus is floated. An 
internal pull-up ensures that RD/QSMD is HIGH during RESET. 
Following RESET the pin is sampled to determine whether the 
processor is to provide ALE, RD, and WR, or queue status 
information. To enable Queue Status Mode, RD must be 
connected to GND. 


Asynchronous Ready informs the processor that the addressed 
memory space or I/O device will complete a data transfer. The 
ARDY pin accepts a rising edge that is asynchronous to CLKOUT 
and is active HIGH. The falling edge of ARDY must be 

synchronized to the processor clock. Connecting ARDY HIGH will 
always assert the ready condition to the CPU. If this line is unused, 
it should be tied LOW to yield control to the SRDY pin. 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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Table 3. Pin Descriptions (Continued) 
LOCK H(Z) LOCK output indicates that other system bus masters are not to 
R(Z) 
at the beginning of the first data cycle associated with the 
will occur while LOCK is asserted. 
Interrupt Acknowledge 
Halt 


Pin Input ad 7 
gain control of the system bus. LOCK is active LOW. The LOCK 
instruction immediately following the LOCK prefix. It remains active 
SO H(Z) Bus cycle status SO-S2 are encoded to provide bus-transaction 
a R(1) information: 
S2 Bus Cycle Status Information 
Read |/O 
Instruction Fetch 


SRDY = Synchronous Ready informs the processor that the addressed 
memory space or I/O device will complete a data transfer. The 
SRDY pin accepts an active-HIGH input synchronized to CLKOUT. 
The use of SRDY allows a relaxed system timing over ARDY. This 
is accomplished by elimination of the one-half clock cycle required 
to internally synchonize the ARDY input signal. Connecting SRDY 
high will always assert the ready condition to the CPU. If this line is 
unused, it should be tied LOW to yield control to the ARDY pin. 
signal is requested by the LOCK prefix instruction and is activated 
until the completion of that instruction. No instruction prefetching 

pape Bus Cycle Initiated 
Write 1/0 
Read Data from Memory 


Write Data to Memory 
Passive (no bus cycle) 


S2 may be used as a logical M/IO indicator, and S1 as aDT/R 
indicator. 


HOLD | 1! | A(t) | — — | HOLD indicates that another bus master is requesting the local bus. 


HLDA H(1) The HOLD input is active HIGH. The processor generates HLDA 

(HIGH) in response to a HOLD request. Simultaneous with the 
R(0) issuance of HLDA, the processor will float the local bus and control 

lines. After HOLD is detected as being LOW, the processor will 
lower HLDA. When the processor needs to run another bus cycle, it 
will again drive the local bus and control lines. 
In Enhanced Mode, HLDA will go low when a DRAM refresh cycle 
is pending in the processor and an external bus master has control 
of the bus. It will be up to the external master to relinquish the bus 
by lowering HOLD so that the processor may execute the refresh 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 


— st st tt CE OC OO OC 


—- st OO =| =| CO OC 
=— O + O + O =+ «CO 
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Table 3. Pin Descriptions (Continued) 


UCS i/O A(L) H(1) 
R(WH) 

LCS 1/0 A(L) H(1) 
R(Wh) 


MCS0/PEREQ /O A(L) H(1) 
MCS1/ERROR R(WH) 


2 eS 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 


Upper Memory Chip Select is an active LOW output 
whenever a memory reference is made to the defined 
upper portion (1K-256K block) of memory. The 
address range activating UCS is software 
programmable. 


UCS and LCS are sampled upon the rising edge of 
RES. If both pins are held low, the processor will enter 
ONCE Mode. In ONCE Mode all pins assume a high 
impedance state and remain so until a subsequent 
RESET. UCS has a weak internal pullup that is active 
during RESET to ensure that the processor does not 
enter ONCE Mode inadvertently. 


Lower Memory Chip Select is active LOW whenever a 
memory reference is made to the defined lower portion 
(1K-256K) of memory. The address range activating 
LCS is software programmable. . 


UCS and LCS are sampled upon the rising edge of 
RES. If both pins are held low, the processor will enter 
ONCE Mode. In ONCE Mode all pins assume a high 
impedance state and remain so until a subsequent 
RESET. LCS has a weak internal pullup that is active 
only during RESET to ensure that the processor does 
not enter ONCE mode inadvertently. 


Mid-Range Memory Chip Select signals are active LOW 
when a memory reference is made to the defined mid- 
range portion of memory (8K-—512K). The address 
ranges activating MCSO-3 are software programmable. 


On the 80C186XL, in Enhanced Mode, MCSO becomes 
a PEREQ input (Processor Extension Request). When 
connected to the Math Coprocessor, this input is used 
to signal the 80C186XL when to make numeric data 
transfers to and from the coprocessor. MCS3 becomes 
NPS (Numeric Processor Select) which may only be 
activated by communication to the 80C187. MCS1 
becomes R in Enhanced Mode and is used to 
signal numerics coprocessor errors. 


Peripheral Chip Select signals 0-4 are active LOW 
when a reference is made to the defined peripheral 
area (64 Kbyte I/O or 1 MByte memory space). The 
address ranges activating PCSO—4 are software 
programmable. 


Peripheral Chip Select 5 or Latched A1 may be 
programmed to provide a sixth peripheral chip select, or 
to provide an internally latched A1 signal. The address 
range activating PCS5 is software-programmable. 
PCS5/A1 does not float during bus HOLD. When 
programmed to provide latched A1, this pin will retain 
the previously latched value during HOLD. 


H(1)/H(X) 
R(1) 
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Table 3. Pin Descriptions (Continued) 


PCS6/A2 H(1)/H(X) 
R(1) 


DT/R 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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Peripheral Chip Select 6 or Latched A2 may be programmed 
to provide a seventh peripheral chip select, or to provide an 
internally latched A2 signal. The address range activating 
PCS6 is software-programmable. PCS6/A2 does not float 
during bus HOLD. When programmed to provide latched A2, 
this pin will retain the previously latched value during HOLD. 


Data Transmit/Receive controls the direction of data flow 
through an external data bus transceiver. When LOW, data is 
transferred to the procesor. When HIGH the processor 
places write data on the data bus. 


Data Enable is provided as a data bus transceiver output 
enable. DEN is active LOW during each memory and I/O 
access (including 80C187 access). DEN is HIGH whenever 
DT/R changes state. During RESET, DEN is driven HIGH for 
one clock, then floated. 
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Ceramic Leadless Chip Carrier (JEDEC Type A) 


Contacts Facing Up Contacts Facing Down 


U, 
YY 


R80C186XL20 
é XXXXXXXXC (See Note) 
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Ml 
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PIN NO. 1 
MARK 


272431-5 


Ceramic Pin Grid Array 


Pins Facing Up Pins Facing Down 


G5) G) @) G) @ @ @ @ G) 51; <49) 47) 45) 43) AN (39) G7) G5, 

G4) Ge) G8) Go) G2) 4) Ge) G8) Go) G3) G2) 52) (53) 50) “48; (46) 44) (42) 40) <8) (36) 34) 
Gs) (54) 55) 33) 32) 
67) 56) (57) Si Go; 

—— A80C186XL20 

‘60, \61 XXXXXXXXC 
62) 63} (See Note) 
G5) @4). (64) (65) 

(2) (66) (67) 21) 20 
(8) @) (6) @4) 2) @ @ © © @ & 8) (2) (4) 6) (8) GO 42) Gas G6) <9) 8, 
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PIN NO.1 MARK 

272431-6 


NOTE: 
XXXXXXXXC indicates the Intel FPO number. 


Figure 4. 80C186XL/80C 188XL Pinout Diagrams 
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Shrink Quad Flat Pack 


C186XL20 
XXXXXXXXC 
(See Note) 


272431-22 


NOTE: 
XXXXXXXXC indicates the Intel FPO number. 


Figure 4. 80C186XL/80C 188XL Pinout Diagrams (Continued) 
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Plastic Leaded Chip Carrier 


Contacts Facing Up Contacts Facing Down 
5150 49 48 47 46 45 44 43 42 41 40 39 38 37 36 35 


XXXXXXXXC (See Note) 


N80C186XL20 


PIN NO.1 MARK 
272431-7 


80-Pin Quad Flat Pack (EIAJ) 


Contacts Contacts 
Facing Up Facing Down 


PIN NO. 1 MARK 


(8}0N 98S) 
OXXXXXXXX 
0Z1X981908S 


272431-8 


NOTE: 
XXXXXXXXA indicates the Intel FPO number. 


Figure 4. 80C186XL/80C288XL Pinout Diagrams (Continued) 
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AD1 
AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

AD8 (A8) 
AD9 (AQ) 
AD10 (A10) 
AD11 (A11) 
AD12 (A12) 
AD13 (A13) 
AD14 (A14) 
AD15 (A15) 
A16/S3 
A17/S4 
A18/S5 
A19/S6 


NOTE: 


Pin names in parentheses apply to the 80C188XL. 


AD15 (A15) 
AD7 

AD14 (A14) 
AD6 

AD13 (A13) 
AD5 

AD12 (A12) 
AD4 

Voc 

AD11 (A11) 
AD3 

AD10 (A10) 
AD2 

AD9 (A9) 
AD1 

AD8 (A8) 
ADO 


hk ik eh a abd 
NOOR OND" OOAN DOA HLWND — 


NOTE: 


Pin names in parentheses apply to the 80C188XL. 
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Table 4. LCC/PLCC Pin Functions with Location 


RES 

RESET 

X1 

X2 

CLKOUT 
TEST/BUSY 
NMI 

INTO 
INT1/SELECT 
INT2/INTAO 
INT3/INTA1 


Power and Ground 


Voc 9 
Voc 43 
Vss 26 
Vss 60 


Table 5. LCC/PGA/PLCC Pin Locations with Pin Names 


MCS3/NPS 
MCS2 
MCS1/ERROR 
MCS0O/PEREQ 
DEN 

DT/R 
INT3/INTA1 
INT2/INTAO 
Voc 
INT1/SELECT 
INTO 

NMI 
TEST/BUSY 
LOCK 

SRDY 

HOLD 

HLDA 


SO 

St 

$2 

ARDY 
CLKOUT 
RESET 

X2 

x1 

Vss 
ALE/QSO 
RD/QSMD 
WR/QS1 
BHE (RFSH) 
A19/S2 
A18/S3 
A17/S4 
A16/S3 
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Table 6. QFP Pin Functions with Location 


ADO 
AD1 
AD2 
AD3 
AD4 
AD5 
AD6 
AD7 
AD8 (A8) 

ADS (AQ) 

AD10 (A10) 
AD11 (A11) 
AD12 (A12) 
AD13 (A13) 
AD 14 (A14) 
AD15 (A15) 
A16/S3 
A17/S4 
A18/S5 
A19/S6 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 


RES 
RESET 
X1 

X2 
CLKOUT 


TEST/BUSY 
NMI 

INTO 
INT1/SELECT 
INT2/INTAO 
INT3/INTA1 


Power and Ground 


Table 7. QFP Pin Locations with Pin Names 


AD15 (A15) 


BHE/(RFSH) 
WR/QS1 
RD/QSMD 
ALE/QS0O 
N.C. 

Vcc 

Vcc 

N.C. 

N.C. 

X1 

X2 

RESET 
CLKOUT 
ARDY 


OMAN OA WNP — 


TEST/BUSY 
NMI 

INTO 
INT1/SELECT 


MCS0/PEREQ 
MCS1/ERROR 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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DRQO 

N.C. 

N.C. 

ADO 

AD8 (A8) 
AD1 

AD9 (AQ) 
Abe. 
AD10 (A10) 
AD3 

AD11 (A11) 
Vcc 

Vcc 

AD4 

AD12 (A12) 
AD5 

AD13 (A13) 
AD6 

AD14 (A14) 
AD7 
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Table 8. SQFP Pin Functions with Location 


ALE/QSO RES 

BHE (RFSH) RESET 

SO x1 

S1 X2 

$2 CLKOUT 
RD/QSMD TEST/BUSY 
WR/QS1 NMI 

ARDY INTO 

SRDY INT1/SELECT 
DEN INT2/INTAO 
DT/R INT3/INTAT 
LOCK 

HOLD 

HLDA 


LCS 


MCS0/PEREQ 
MCS1/ERRO 


AD3 
AD4 
AD5 
AD6 
AD7 
AD8 (A8) 


AD9 (AQ) 
AD10 (A10) 
AD11 (A11) 
AD12 (A12) 
AD13 (A13) 
AD14 (A14) 
AD15 (A15) 
A16/S3 
A17/S4 
A18/S5 
A19/S6 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 


Table 9. SQFP Pin Locations with Pin Names 


A16/S3 
A17/S4 
A18/S5 
A19/S6 
N.C. 

BHE (RFSH) 
WR/QS1 
RD/QSMD 
ALE/QS0 


ADO 

AD8 (A8) 
AD1 

N.C. 

AD9 (AQ) 
AD2 

AD10 (A10) 
AD3 

AD11 (A11) 
Vcc 

Voc 

AD4 

AD12 (A12) 
AD5 

AD13 (A13) 
AD6 

AD14 (A14) 
AD7 

AD15 (A15) 


Voc 


COON OA AWN — 


INT2/INTAO 
INT3/INTA1 
DT/R 


NOTE: 
Pin names in parentheses apply to the 80C188XL. 
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ELECTRICAL SPECIFICATIONS NOTICE: This data sheet contains preliminary infor- 


mation on new products in production. The specifica- 


: 5 tions are subject to change without notice. Verify with 
Absolute Maximum Ratings* your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


PURIST Tell Bereta GReRr NAS « “Oe tg *WARNING: Stressing the device beyond the “Absolute 


Storage Temperature .......... ~—65°C to + 150°C Maximum Ratings’ may cause permanent damage. 
Voltage on Any Pin with These are stress ratings only. Operation beyond the 
Respect to Ground............ —1.0V to +7.0V “Operating Conditions” is not recommended and ex- 
(Ryes tended exposure beyond the “Operating Conditions” 
Package Power Dissipation ................... 1W may affect device reliability. 
Not to exceed the maximum allowable die tempera- 
ture based on thermal resistance of the package. NOTICE: The specifications are subject to change 
without notice. 


DC SPECIFICATIONS Ta = 0°C to + 70°C, Voc = 5V +10% 


Sembel_Paremeter 
Input Low Voltage 

(Except X1) 

Vind Clock Input Low 
Voltage (X1) 

Vin Input High ae 0.2Vcco + 0.9} Voc + 0.5 V 
(All except X1 and RES 


Input High Voltage (R “4 
Clock Input High 
Voltage (X1) 
V Eas ne 
OL = 2.0 mA (others) 
lon = —2.4mA @ 2.4V (4) 


Output Low Voltage 
Output High Voltage 

Voc — 0.5 Be —200 pA @ Voc —0.5(4) 

@ 20 MHz, 0°C 


Power Supply Current 
Voc = 5.5V(3) 


@ 12 MHz, 0°C 
Voc = 5.5V (3) 


@ DC O°C 
Voc = 5.5V 


Test Conditions 


@ 0.5 MHz, 
0.45V < Vin < Voc 


NO 
A 


PRELIMINARY 2-55 


or 
80C 186XL/80C 188XL : ntel ® 


DC SPECIFICATIONS (Continued) Ta = 0°C to + 70°C, Voc = 5V +10% 


NOTES: | 

1. Pins being floated during HOLD or by invoking the ONCE Mode. 

2. Characterization conditions are a) Frequency = 1 MHz; b) Unmeasured pins at GND; c) Viy at + 5.0V or 0.45V. This 
parameter is not tested. 

3. Current is measured with the device in RESET with X1 and X2 driven and all other non-power pins open. 

4. RD/QSMD, UCS, LCS, MCS0/PEREQ, MCS1/ERROR and TEST/BUSY pins have internal pullup devices. Loading some 
of these pins above loy = —200 pA can cause the processor to go into alternative modes of operation. See the section on 
Local Bus Controller and Reset for details. 


Power Supply Current 


Current is linearly proportional to clock frequency 
and is measured with the device in RESET with X1 
and X2 driven and all other non-power pins open. 


Maximum current is given by Ilcc = 5 mA * freq. lec (mA) 
(MHz) + lav. v 


lat is the quiescent leakage current when the clock 
is static. Iq, is typically less than 100 pA. 


Clock Frequency (MHz) 
272431-9 


Figure 5. icc vs Frequency 
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AC SPECIFICATIONS 


MAJOR CYCLE TIMINGS (READ CYCLE) 

Ta = 0°C to + 70°C, Voc = 5V +10% 

All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C_ = 50 pF. 

For AC tests, input Vi. = 0.45V and Vi = 2.4V except at X1 where Viz, = Voc — 0.5V. 


Test 


Parameter Conditions 


80C 186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 


80C 186XL GENERAL TIMING RESPONSES (Listed More Than Once) 
r 
A 


TAVLL Address Valid to ALE Low TotcH — 15 
Loading 
TiLax | Address Hold from ALE ToucL — 15 Equal 
Inactive 


Touaz 
Tovosv_ 

Command Inactive Loading 
Tonosx 


TpxDL DEN Inactive to DT/R Low 
Loading 
O 


x i< 


f) 1© 


Tcvctv | Control Active Delay 1 
Tcvpex | DEN Inactive Delay 


TcHctv | Control Active Delay 2 


TCLLV LOCK Valid/Invalid Delay 
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AC SPECIFICATIONS (Continued) 


MAJOR CYCLE TIMINGS (READ CYCLE) (Continued) 

Ta = 0°C to + 70°C, Voc = 5V +10% 

All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C,; = 50 pF. 

For AC tests, input Vi, = 0.45V and Vi, = 2.4V except at X1 where Vin = Voc — 0.5V. 


Parameter 80C 186XL12 80C 186XL20 


80C 186XL TIMING RESPONSES (Read Cycle) 


Test 
Conditions 


TRLRH | RD Pulse Width 2Toic. — Py 
RD Inactive Delay sb iki Se GS 


82 eee 
TRHLH | RD Inactive to ALE High TCLCH — 14 TCLCH — 14 Equal 
| Loading 
TRHAV RD Inactive to Address Teun. — 18 ToitcL — 15 : Equal 
Active Loading 
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AC SPECIFICATIONS (Continued) 


MAJOR CYCLE TIMINGS (WRITE CYCLE) 

Ta = 0°C to + 70°C, Voc = 5V +10% 

All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C_ = 50 pF. 

For AC tests, input Vj. = 0.45V and Vi, = 2.4V except at X1 where Vin, = Voc — 0.5V. 


co Parameter 
| Min | Max} Min | Max, 
80C 186XL GENERAL TIMING RESPONSES (Listed More Than Once) 
Tousv | StatusActiveDelay | 3 | 95 | | 25 | ns | 
Tosh | StatusinactiveDelay | 3 | 95 | | 25 | ns | 
Tov | AddressValidDelay | 3 | 96 | | or | ns | 
SC oe ee ae aa es 
Tou | DatavalidDelay | | 96 | or fs | 
Touox | StatuaHoldTine > | 0] ti 
Tou | AlEActiveDely | | 5 | | | ns | 
Tu | ALE Width | To 15 | | Tac 15 {| | ns | 


TAVLL Address Valid to ALE Low TeroyH —- 16 Teron =— 10 Equal 
Loading 

TLLAX Address Hold from ALE Towne, — 15 ToHcL — 10 Equal 
Inactive Loading 


Tavoa | Adoress Vaidto Gooerion | 0 
Tovory | Conte Act Dey? | _9 


Texcsx | Chip-Select Hold from ToicH — 10 
Command Inactive 


Tcucsx | Chip-Select Inactive Delay 


Hes 
er ee. ee Sie 
el Keeacoce OSA  A Hed — 
Loading 
Re Ee 
ae 


Test 
Conditions 


TCLLV LOCK Valid/Invalid Delay 


80C186XL TIMING RESPONSES (Write Cycle) 


TwuwH_ | WR Pulse Width 2Toic. — 25 


TwHLH | WR Inactive to ALE High 
Twupx | Data Hold after WR 
TwHpex | WR Inactive to DEN Inactive | Toicy — 10 
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AC SPECIFICATIONS (Continued) 


MAJOR CYCLE TIMINGS (INTERRUPT ACKNOWLEDGE CYCLE) 

Ta = 0°C to + 70°C, Voc = 5V +10% 

All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C; = 50 pF. 

For AC tests, input Vi, = 0.45V and Vi, = 2.4V except at X1 where Vin = Voc — 0.5V. 


Test 


20 Conditions 


ma. Hae 
80C 186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 
80C 186XL GENERAL TIMING RESPONSES (Listed More Than Once) 
TTonsy [aus Aciveeey [3 
TTeusu | StausineciveDolgy | 8 
TTeway | Ades Vato eey | 8 
avon | AdeessVaidtoCieoktigh [0 
Toume | AddessHod | 
TTeupy | Datavaiadety | 8 
PS 
oso = 18 


Parameter 12 


r 
° 
vers 
oo 
rz) 
< 
FI" 
oo 
=) 
© 
och 
oo 
2) 
= 


NO nN N 
N ~N oi 


roar [AL tneciveDsay | 


Address Valid to ALE Low 
Titax | Address Hold to ALE. (ie ~ 48 
Inactive 


Address Float Delay 
Control Active Delay 1 


Control Inactive Delay Ba ae 


Equal 
Loading 
Equal 
Loading 
Equal 
Loading 


4 
QO 
z's 
QO 
rs 
| 

ss 

© 


DEN Inactive to DT/R Low 


Control Active Delay 2 
Tcvpex | DEN Inactive Delay 
(Non-Write Cycles) 


LOCK Valid/Invalid Delay 


G G | 

of 
QO 
QO 
- 

| 
—_ 
o 


37 
7 


3 


DOM COO COR 
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AC SPECIFICATIONS (Continued) 


SOFTWARE HALT CYCLE TIMINGS 

Ta = 0°C to + 70°C, Voc = 5V +10% 

All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C, = 50 pF. 

For AC tests, input Vii = 0.45V and Vi, = 2.4V except at X1 where Vin = Voc — 0.5V. 


Parameter 80C 186XL12 80C 186XL20 


80C 186XL GENERAL TIMING REQUIREMENTS (Listed More Than Once) 


Status Active Delay 
Status Inactive Delay 


Test 
Conditions 


Address Valid Delay 
ALE Active Delay 
ALE Width 


ALE Inactive Delay 


DEN Inactive to DT/R Low 
Control Active Delay 2 
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AC SPECIFICATIONS (Continued) 


CLOCK TIMINGS : 

Ta = 0°C to + 70°C, Voc = 5V 410% 

All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C_ = 50 pF. 

For AC tests, input Vi, = 0.45V and Vin, = 2.4V except at X1 where Vin = Voc — 0.5V. 


Test 


Parameter Conditions 


80C186XL CLKIN REQUIREMENTS(1) 


Toxin | CLKIN Period , ne 
Tctck | CLKIN Low Time as 
TcHck _| CLKIN High Time i. Soe 


TCKHL CLKIN Fall Time 
TCKLH CLKIN Rise Time 
80C186XL CLKOUT TIMING 


ea 

ee 

Ee 

Si aE Te 

Toco | CLKINtOCLKOUT Skew | | 21 
8 BO | 

ce 

es 


3.5 to 1.0¥ .. 
1.0 to 3.5V 


CLKOUT High Time 
Promo | GUKOUTReTine | | 10 
Toreci1 |CLKOUTFallTime | | 10 


NOTES: 

1. External clock applied to X1 and X2 not connected. 

2. Tcick and TcHck (CLKIN Low and High times) should not have a duration less than 40% of Toxin. 
3. Tested under worst case conditions: Voc = 5.5V. Ta = 70°C. 

4. Tested under worst case conditions: Voc = 4.5V. Ta = 0°C. 


40 
16 
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AC SPECIFICATIONS (Continued) 


READY, PERIPHERAL AND QUEUE STATUS TIMINGS 

Ta = OC to +70°C, Voc = 5V +10% 

All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C, = 50 pF. 

For AC tests, input Vi, = 0.45V and Viy = 2.4V except at X1 where Vin, = Voc — 0.5V. 


Values 
Parameter 80C 186XL12 80C 186XL20 


Test 
Conditions 


80C 186XL READY AND PERIPHERAL TIMING REQUIREMENTS (Listed More Than Once) 


1 
1 


1 
TINVCH INTx, NMI, TEST/BUSY, 1 
TMR IN Setup Time(2) 


DRQO, DRQ1 Setup Time2) | 15 — 


Timer Output Delay 
Queue Status Delay 


NOTES: 
1. To guarantee proper operation. 
2. To guarantee recognition at clock edge. 
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AC SPECIFICATIONS (Continued) 


RESET AND HOLD/HLDA TIMINGS 

Ta = 0°C to + 70°C, Voc = 5V +10% 

All timings are measured at 1.5V and 50 pF loading on CLKOUT unless otherwise noted. 
All output test conditions are with C_ = 50 pF. 

For AC tests, input Vj), = 0.45V and Vin = 2.4V except at X1 where Vin = Voc — 0.5V. 


a ae 
Parameter inden 
| Min | Max | Min | Max | 
80C 186XL RESET AND HOLD/HLDA TIMING REQUIREMENTS 
mean | Reeeetip is ek atS |) AR oe ain cca 
Tou!) BOL Osepait sss. OEE te) | I Aare eee | AE | 


80C186XL GENERAL TIMING RESPONSES (Listed More Than Once) 


Address Float Delay 
Address Valid Delay 


HLDA Valid Delay 
Command Lines Float Delay 


TCHCV Command Lines Valid Delay 
(after Float) 


NOTE: 
1. To guarantee recognition at next clock. 
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AC SPECIFICATIONS (Continued) 


T, ie | 


CLKOUT 
w e eed 


BHE (RFSH), 
A19/S6 - A16/S3 
(A19 - A8) 


ALE 
TCHLH 


AD15 - ADO 
(AD7 - ADO) 


RD 


_ 16S, HOS, UGS, 
PCS, NPS (Note 2) 


TDxDL (Note 3) 


44 ToHcTVv TCHCTV (Note 5) 4 
ToLiv TcLLv (Note 4) 


Vy, V/ 
{\ A 


272431-10 


NOTES: 

1. Status inactive in state preceding T4. 

2. If latched A; and Ap are selected instead of PCS5 and PCS6, only Tc. csy is applicable. 
3. For write cycle followed by read cycle. 

4. T; of next bus cycle. 

5. Changes in T-state preceding next bus cycle if followed by write. 

Pin names in parentheses apply to the 80C188XL. 


Figure 6. Read Cycle Waveforms 
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AC SPECIFICATIONS (Continued) 


T 


ow | 


CLKOUT 
77 (Note 1) 


STATUS 


BHE (RFSH), eames 
A19/S6 - A16/S3 eT A19-A1 F BHE (RFSH), S6-S3 
(A19 - A8) 


‘a — 
TCHLH | To100%- 
AD15 - ADO 


(AD7 - ADO) 


WR 


LCS, MCS, UCS, 
PCS, NPS(Note 2) 


TpxDL (Note 3) 


TCHCTV (Note 5) 
TCLLv (Note 4) 


272431-11 


NOTES: 

1. Status inactive in state preceding T4. 

2. If latched A; and Ao are selected instead of PCS5 and PCS6, only Toicsy is applicable. 
3. For write cycle followed by read cycle. 

4. T; of next bus cycle. 

5. Changes in T-state preceding next bus cycle if followed by read, INTA, or halt. 

Pin names in parentheses apply to the 80C188XL. 


‘Figure 7. Write Cycle Waveforms 
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AC SPECIFICATIONS (Continued) 


+ 
3 tw 


v 
CLKOUT 
bas <—ITCLSH (Note 1) 


$2 - SO STATUS STG) 


eas Roos ae 
BHE (RFSH), ee ae > 


A19/S6 - A16/S3 { BHE (FSH) ) BHE (RFSH), S6-S3 
i ce 
ALE si e 
= a. ee 
F (Note 2) 
AD15 - ADO . (pra) ae 


=f TpxpL (Note 4) 
DT/R ‘ 


Tovctx 
TcvpEx 


TCHCTV TCHCTV (Note 6) 


LOCK 
(Note 5) 


272431-12 


NOTES: . 

1. Status inactive in state preceding T4. 

2. The data hold time lasts only until INTA goes inactive, even if the INTA transition occurs prior to ToLpx (min). 

3. INTA occurs one clock later in Slave Mode. 

4. For write cycle followed by interrupt acknowledge cycle. 

5. LOCK is active upon T, of the first interrupt acknowledge cycle and inactive upon T» of the second interrupt acknowl- 
edge cycle. 

6. Changes in T-state preceding next bus cycle if followed by write. 

Pin names in parentheses apply to the 80C188XL. 


Figure 8. Interrupt Acknowledge Cycle Waveforms 
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AC SPECIFICATIONS (Continued) 


Tea) 


STATUS 


ToLAV 
A19/S6-A16/S3 (A19 - A8), INVALID ADDRESS 


AD15-AD0 (AD7 - ADO) 


TOHLL 


oxo (Note 1) 


TCHCTV 
272431-13 


NOTE: 
1. For write cycle followed by halt cycle. 
Pin names in parentheses apply to the 80C188XL. 


Figure 9. Software Halt Cycle Waveforms 
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WAVEFORMS 


CLKOUT 
Teico TCHICH2 T cect 
ToL TCHCL 
272431-14 


Figure 10. Clock Waveforms 


> _ TRESIN 4 Tresin 


CLKOUT 


ToLRoO 


272431-15 


Figure 11. Reset Waveforms 


CLKOUT 


TSRYCL 


272431-16 


Figure 12. Synchronous Ready (SRDY) Waveforms 
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AC CHARACTERISTICS 


CLKOUT 


T aRYCH 


ARDY 
(Normally Not 
Ready System) 


T ARYCH Mu 
ARYCHL 
ARDY 
(Normally Ready 


T 
System) ARYLCL 


272431-23 


Figure 13. Asynchronous Ready (ARDY) Waveforms 


CLKOUT 
TINVCH 
INTO-3, NMI, 
TEST, TIMERIN 


TINVCL 


DRQO, DRQ1 


TIMEROUT 


QS0, QS1 


272431-17 


Figure 14. Peripheral and Queue Status Waveforms 
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AC CHARACTERISTICS (Continued) 


CLKOUT oe yee 


Tuvet 


HOLD 


HLDA . 
AD15- ADO (AD7 - AD0), —— 
DEN 


A19/S6 - A16/S3 (A19- A8), 
RD, WA, BHE @FSH) 
th, 2, ee 
LOCK 
272431-24 


Figure 15. HOLDA/HLDA Waveforms (Entering Hold) 


CLKOUT 


AD15 - ADO (AD7 - ADO), 
DEN 


ToHov 
A19/S6 - A16/S3 (A19 - A8), 
RD, WR, BHE (RFSH),—————____ 
DT/R, S2 - SO, 
LOCK 
272431-18 


Figure 16. HOLD/HLDA Waveforms (Leaving Hold) 
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EXPLANATION OF THE AC SYMBOLS 


Each timing symbol has from 5 to 7 characters. The first character is always a ‘T’ (stands for time). The other 
characters, depending on their positions, stand for the name of a signal or the logical status of that signal. The 
following is a list of all the characters and what they stand for. 


A: Address 

ARY: Asynchronous Ready Input 
C: Clock Output 

CK: Clock Input 

CS: Chip Select 

CT: Control (DT/R, DEN, ... ) 
La Data Input 

DE: DEN 

H: Logic Level High 

OUT: Input (DRQO, TIMO,... ) 
L: Logic Level Low or ALE 
O: Output 

QS: Queue Status (QS1, QS2) 
R: — RD Signal, RESET Signal 
S: Status (SO, $1, $2) 

SRY: Synchronous Ready Input 


V: Valid 

W: WR Signal 

X: No Longer a Valid Logic Level 
P Float 

Examples: 


TcLay — Time from Clock low to Address valid 
TCHLH — Time from Clock high to ALE high 
To_tcsyv — Time from Clock low to Chip Select valid 
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DERATING CURVES 


Typical Output Delay Capacitive Derating 
8 


X= high-to-low 


272431-19 


Typical Rise and Fall Times for TTL Voltage Levels 
8 


E X= 2V to 0.8V fm ere 

pa O=0.8V to 2V Ree 
on ae 

call 

a= 


t (ns) 


50 75 100 125 150 175 


Capacitive Load (pF) 
‘ (p 272431-21 


Figure 19. CMOS Level Rise and Fall Times for Output Buffers 
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80C 186XL/80C188XL EXPRESS 


The Intel EXPRESS system offers enhancements to 
the operational specifications of the 80C186XL mi- 
croprocessor. EXPRESS products are designed to 
meet the needs of those applications whose operat- 
ing requirements exceed commercial standards. 


The 80C186XL EXPRESS program includes an ex- 
tended temperature range. With the commercial 
standard temperature range, operational character- 
istics are guaranteed over the temperature range of 
0°C to + 70°C. With the extended temperature range 
option, operational characteristics are guaranteed 
over the range of —40°C to + 85°C. 


Package types and EXPRESS versions are identified 
by a one or two-letter prefix to the part number. The 
prefixes are listed in Table 10. All AC and DC specifi- 
cations not mentioned in this section are the same 
for both commercial and EXPRESS parts. 


Table 10. Prefix Identification 
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80C 186XL/80C188XL EXECUTION 
TIMINGS 


A determination of program execution timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum ex- 
ecution time in clock cycles for each instruction. The 
timings given are based on the following assump- 
tions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


e No wait states or bus HOLDs occur. 


e All word-data is located on even-address bound- 
aries (80C186XL only). 


All jumps and calls include the time required to fetch 
the opcode of the next instruction at the destination 
address. 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the bus interface unit (BIU) and exe- 
cution unit. 


With a 16-bit BIU, the 80C186XL has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program execu- 
tion time will not be substantially greater than that 
derived from adding the instruction timings shown. 


The 80C188XL 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 
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INSTRUCTION SET SUMMARY 


80C186XL | 80C188XL 
Function Format 


DATA TRANSFER 
MOV = Move: 


Register to Register/ Memory 1000100w mod reg r/m 


Register/memory to register 1000101w mod reg r/m 


mod 000 r/m 8/16-bit 
data 8/16-bit 
addr-low 
addr-low 
Register/memory to segment register 10001110 mod 0 reg r/m 


Segment register to register/ memory 10001100 mod 0 reg r/m 


PUSH = Push: 
Memory Ptah keh mod 110 r/m 


Immediate to register/memory 
Immediate to register 1011w reg 
Memory to accumulator 1010000w 


Accumulator to memory 1010001w 


Register 01010 reg 


Segment register 000reg110 


10001111 mod000 r/m 


Segment register 000regi11 (reg+01) 


XCHG = Exchange: 
Register/memory with register 1000011Ww mod reg r/m 


Register with accumulator 10010 reg 


IN = Input from: 
Fixed port 


Variable port 1110110w 
OUT = Output to: 
Fixed port 1110011Ww 


Variable port 14T10TT Iw 


XLAT = Translate byte to AL 11010119 


LEA = Load EA to register 10001101 mod reg r/m 


LDS = Load pointer to DS 11000101 (mod#11) 


LES = Load pointer to ES 11000100 mod reg r/m (mod 11) 


LAHF = Load AH with flags 10011111 
SAHF = Store AH into flags 10011110 


PUSHF = Push flags 10011100 


POPF = Pop flags 10011101 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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80C 186XL/80C188XL 3 in 


INSTRUCTION SET SUMMARY (Continued) 
80C186XL | 80C188XL 
Function Format 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


00101110 
00110110 
00111110 
00100110 


Reg/memory with register to either 000000dw mod reg r/m 


Immediate to register/memory 100000sw mod000 r/m data ifs w=01 


Immediate to accumulator 0000010w data data if w=1 8/16-bit 


ADC = Add with carry: 


Reg/memory with register to either 000100dw 
mod010 r/m data data if sw=01 


Immediate to accumulator 0001010Ww data data if w=1 8/16-bit 


Immediate to register/memory 100000sw 


INC = Increment: 
Register/memory 17717119 mod000 r/m 


Register 01000 reg 


SUB = Subtract: 


Reg/memory and register to either 001010dw mod reg r/m 


Immediate from accumulator 0010110Ww 8/16-bit 


Immediate from register/memory 100000sw mod 101 r/m 


SBB = Subtract with borrow: 


Reg/memory and register to either 000110dw mod reg r/m 


mod011r/m data ifs w=01 


Immediate from accumulator 0001110Ww 8/16-bit 


Immediate from register/memory 100000sw 


DEC = Decrement 


Register/memory 11171111w mod001 r/m 
Register 01001 reg 


CMP = Compare: 


Register/memory with register 0011101Ww mod reg r/m 


Register with register/memory 0011100w mod reg r/m 


mod 111 1/m data if s w=01 


Immediate with accumulator data data if w=1 8/16-bit 


Immediate with register/memory 100000sw 


NEG = Change sign register/memory mod011 r/m 


AAA = ASCII adjust for add 


DAA = Decimal adjust for add 00100111 

AAS = ASCIl adjust for subtract 00111111 

DAS = Decimal adjust for subtract 00101111 

MUL = Multiply (unsigned): 1111011w mod 100 r/m 

Register-Byte 

Register-Word 

Memory-Byte 

Memory-Word 

Shaded areas indicate instructions not available in 8086/8088 microsystems. 
NOTE: 


*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


80C186XL | 80C188XL 
Function Format Comments 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 1111011Ww mod 101 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


DIV = Divide (unsigned): 1111011w mod 110 r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


= Integer divide (signed): 1111011w mod111 r/m 


Register-Byte j 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCII adjust for multiply 11010100 00001010 


00001010 


AAD = ASCIl adjust for divide 11010101 
CBW = Convert byte to word 10011000 
CWD = Convert word to double word 10011001 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 1101000w mod TTT r/m 


Register/Memory by CL 1101001w mod TTT r/m 5+n/17+n[5+n/17+n 


TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
Co SAR 
AND = And: 


Reg/memory and register to either 001000dw mod reg r/m 


Immediate to register/memory 1000000w mod 100 r/m 
Immediate to accumulator 0010010w data if w= 1 


TEST = And function to flags, no result: 
Register/memory and register 1000010w 
immediate data and register/memory 1111011w mod000 r/m data 


Immediate data and accumulator 1010100w data if w= 1 8/16-bit 


8/16-bit 


data if w=1 


OR=Or: 


Reg/memory and register to either: 000010dw ' 
Immediate to register/ memory 1000000w | mod001 r/m i ae data if w= 1 
Immediate to accumulator 0000110w data if w= 1 8/16-bit 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


80C186XL | 80C188XL 
Function 


LOGIC (Continued) 
XOR = Exclusive or: 


Reg/memory and register to either 001100dw 

Immediate to register/ memory 1000000w data 

Immediate to accumulator 0011010w 8/16-bit 
NOT = Invert register/memory 


STRING MANIPULATION 
MOVS = Move byte/word 1010010w 


CMPS = Compare byte/word 
SCAS = Scan byte/word 
LODS = Load byte/wd to AL/AX 


STOS = Store byte/wd from AL/AX 1010101w 


ee 


Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS = Move string 11110010 1010010w 


CMPS = Compare string 1010011wW 
SCAS = Scan string 1171710012 1010111w 


LODS = Load string 11110010 1010110w 


STOS = Store string 11110010 


| 


CONTROL TRANSFER 
CALL = Call: 
Direct within segment 


Register/memory 
indirect within segment 


Direct intersegment 


segment selector 


Indirect intersegment mod011 r/m (mod # 11) 
JMP = Unconditional jump: 
Short/long 

Direct within segment 


Register/memory mod 100 r/m 
indirect within segment 


Direct intersegment segment offset 


segment selector 


Indirect intersegment np ei mod101 r/m (mod # 11) 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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JLE/JNG = Jump on less or equal/not greater 


INSTRUCTION SET SUMMARY (Continued) 


80C 186XL 80C 188XL 
Clock Clock 
Cycles Cycies 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within segment , 11000011 


Within seg adding immed to SP 11000010 data-low 


: 


Intersegment 


Intersegment adding immediate to SP 11001010 data-low data-high 


JE/JZ = Jump on equal/zero 01110100 disp JMP not 
taken/JMP 


taken 


a 
s 


JL/JNGE = Jump on less/not greater or equal 


io 
| 


JB/JNAE = Jump on below/not above or equal 01110010 


2 
s 


JBE/JNA = Jump on below or equal/not above 


a 
| 


JP/JPE = Jump on parity/parity even 


JO = Jump on overflow 01110000 


JS = Jump on sign 01111000 


i 


NE/JNZ = Jump on not equal/not zero 

NL/JGE = Jump on not less/greater or equal 
JNLE/JG = Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 


i 


JNBE/JA = Jump on not below or equal/above 


2 
s 


JNP/JPO = Jump on not par/par odd 


JNO = Jump on not overflow 01110001 


JNS = Jump on not sign 


i 


JCXZ = Jump on CX zero 
LOOP = Loop CX times 11100010 


i 


LOOPZ/LOOPE = Loop while zero/equal 11100001 


' 


LOOPNZ/LOOPNE = Loop while not zero/equal 11100000 


11001100 if INT. taken/ 
if INT. not 
taken 


IRET = Interrupt return 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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80C 186XL/80C188XL 


PROCESSOR CONTROL 
CLC = Clear carry 11111000 
CMC = Complement carry TPeereugs 
STC = Set carry 11111001 
CLD = Clear direction 11111100 
STD = Set direction 14797171161 
CLI = Clear interrupt 11111010 
STI = Set interrupt 
HLT = Halt 147310100 
WAIT = Wait 10011011 
LOCK = Bus lock prefix 11110000 


NOP = No Operation 10010000 


INSTRUCTION SET SUMMARY (Continued) 


Function | Format 


(TTT LLL are opcode to processor extension) 
Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: . 


*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 


The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 


ifmod = _ 11 thenr/mis treated as a REG field 

ifmod = 00 then DISP = 0%, disp-low and disp- 
high are absent 

ifmod = 01 then DISP = disp-low sign-ex- 
tended to 16-bits, disp-high is absent 

ifmod = 10 then DISP = disp-high: disp-low 

ifr/m = 000 then EA = (BX) + (SI) + DISP 

ifr/m = 001 then EA = (BX) + (DI) + DISP 

ifr/m = 010 then EA = (BP) + (SI) + DISP 

ifr/m = 011 then EA = (BP) + (DI) + DISP 

ifr/m = 100 then EA = (SI) + DISP 

ifr/m = 101 then EA = (DI) + DISP 

ifr/m = 110then EA = (BP) + DISP* 

ifr/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 


*except if mod = 00 and r/m = 110 then EA = 
disp-high: disp-low. 

EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


- Segment Override Prefix 
Go O 1.0 + 1 
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reg is assigned according to the following: 


Segment 
reg Register 
00 ES 
01 CS 
10 SS 
11 DS 
REG is assigned according to the following table: 
16-Bit(w = 1) 8-Bit(w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110s. 110 DH 
111 Di 111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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This data sheet replaces the following data sheets: 
@ 272031-002 80C186XL 

e 270975-002 80C188XL 

e 272309-001 SB80C186XL 

@ 272310-001 SB80C188XL ~ 


ERRATA 


An A or B step 80C186XL/80C188XL has the follow- 
ing errata. The A or B step 80C186XL/80C188XL 
can be identified by the presence of an ‘‘A” or ‘B”’ 
alpha character, respectively, next to the FPO num- 
ber. The FPO number location is shown in Figure 4. 
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80C 186XL/80C 188XL 


1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistently, it is dependent on in- 
terrupt timing. 


The C step 80C186XL/80C188XL has no known er- 
rata. The C step can be identified by the presence of 
a “C” alpha character next to the FPO number. The 
FPO number location is shown in Figure 4. 


PRODUCT IDENTIFICATION 


Intel 80C186XL devices are marked with a 9-charac- 
ter alphanumeric Intel FPO number underneath the 
product number. This data sheet (272431-001) is 
valid for devices with an “A”, “B” or “C” as the 
ninth character in the FPO number, as illustrated in 
Figure 4. 
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80C 186EA/80C188EA AND 80L186EA/80L188EA 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSORS 
m 80C186 Upgrade for Power Critical Applications 
m@ Fully Static Operation 
m@ True CMOS Inputs and Outputs 


Integrated Feature Set m Speed Versions Available (3V): 
— Static 186 CPU Core — 13 MHz (80L186EA13/80L 188EA13) 
— Power Save, Idle and Powerdown — 8 MHz (80L186EA8/80L188EA8) 
Modes : 
m Direct Addressing Capability to 
— Clock Generator 1 Mbvt 4 Kb 
— 2 Independent DMA Channels babar ik cal Muy 
— 3 Programmable 16-Bit Timers m Complete System Development 
— Dynamic RAM Refresh Control Unit Support 
— Programmable Memory and — ASM86 Assembler, iC-86, PL/M-86 

Peripheral Chip Select Logic and System Utilities 
— Programmable Wait State Generator — In-Circuit-Emulator 
— Local Bus Controller = Supports 80C187 Numeric Coprocessor 
— System-Level Testing Support interface (80C186EA only) 

(High Impedance Test Mode) @ Available in the Following Packages: 
Speed Versions Available (5V): — 68-Pin Plastic Leaded Chip Carrier 
— 20 MHz (80C 186EA20/80C 188EA20) (PLCC) 

— 12 MHz (80C186EA13/80C 188EA13) — 80-Pin EIAJ Quad Flat Pack (QFP) 
— 80-Pin Shrink Quad Flat Pack (SQFP) 
@ Availabie in Extended Temperature 


Range (— 40°C to + 85°C) 


The 80C186EA is a CHMOS high integration embedded microprocessor. The 80C186EA includes all of the 
features of an ‘Enhanced Mode” 80C186 while adding the additional capabilities of Idle and Powerdown 
Modes. In Numerics Mode, the 80C186EA interfaces directly with an 80C187 Numerics Coprocessor. 
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INTRODUCTION 


Unless specifically noted, all references to the 
80C186EA apply to the 80C188EA, 80L186EA, and 
80L188EA. References to pins that differ between 
the 80C186EA/80L186EA and the 80C188EA/ 
80L188EA are given in parentheses. The “L” in the 
part number denotes low voltage operation. Physi- 
Cally and functionally, the “C” and “L” devices are 
identical. 


The 80C186EA is the second product in a new gen- 
eration of low-power, high-integration microproces- 
sors. It enhances the existing 80C186XL family by 
offering new features and operating modes. The 
80C186EA is object code compatible with the 
80C186XL embedded processor. 


The 80L186EA is the 3V version of the 80C186EA. 
The 80L186EA is functionally identical to the 
80C186EA embedded processor. Current 
80C186EA customers can easily upgrade their de- 
signs to use the 80L186EA and benefit from the re- 
duced power consumption inherent in 3V operation. 


The feature set of the 80C186EA/80L186EA meets 
the needs of low-power, space-critical applications. 
Low-power applications benefit from the static de- 
sign of the CPU core and the integrated peripherals 
as well as low voltage operation. Minimum current 
consumption is achieved by providing a Powerdown 
Mode that halts operation of the device, and freezes 
the clock circuits. Peripheral design enhancements 
ensure that non-initialized peripherals consume little 
current. 


Space-critical applications benefit from the inte- 
gration of commonly used system peripherals. Two 
flexible DMA channels perform CPU-independent 
data transfers. A flexible chip select unit simplifies 
memory and peripheral interfacing. The interrupt unit 
provides sources for up to 128 external interrupts 
and will prioritize these interrupts with those generat- 
ed from the on-chip peripherals. Three general pur- 
pose timer/counters round out the feature set of the 
80C186EA. 


Figure 1 shows a block diagram of the 80C186EA/ 
80C188EA. The Execution Unit (EU) is an enhanced 
8086 CPU core that includes: dedicated hardware to 
speed up effective address calculations, enhance 
execution speed for multiple-bit shift and rotate in- 
structions and for multiply and divide instructions, 
string move instructions that operate at full bus 
bandwidth, ten new instructions, and static opera- 
tion. The Bus Interface Unit (BIU) is the same as that 
found on the original 80C186 family products. An 
independent internal bus is used to allow communi- 
cation between the BIU and internal peripherals. 
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80C186EA CORE ARCHITECTURE 


Bus Interface Unit 


The 80C186EA core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 


The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in- 
formation. It is also responsible for reading data off 
the local bus during a read operation. SRDY and 
ARDY input pins are provided to extend a bus cycle 
beyond the minimum four states (clocks). 


The local bus controller also generates two control 
signals (DEN and DT/R) when interfacing to exter- 
nal transceiver chips. This capability allows the addi- 
tion of transceivers for simple buffering of the mulit- 
plexed address/data bus. 


Clock Generator 


The processor provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, and two low-power operating 
modes. 


The oscillator circuit is designed to be used with ei- 
ther a parallel resonant fundamental or third-over- 
tone mode crystal network. Alternatively, the oscilla- 
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the oscillator circuit. 


The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter- 
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys- 
tem components. All AC timings are referenced to 
CLKOUT. 


The following parameters are recommended when 
choosing a crystal: 


Temperature Range: Application Specific 


ESR (Equivalent Series Resistance): | 60M max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
C,. (Load Capacitance): 20 pF + 2pF 
Drive Level: _ 2mW max 
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80CI86EA 
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(A) Crystal Connection 


NOTE: 


External Clock Source CLKIN 


OSCOUT 


80C186EA 


272432-4 


(B) Clock Connection 


The L;C network is only required when using a third-overtone crystal. 


Figure 2. Clock Configurations 


80C186EA PERIPHERAL 
ARCHITECTURE 


The 80C186EA has integrated several common sys- 
tem peripherals with a CPU core to create a com- 
pact, yet powerful system. The integrated peripher- 
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or DMA channels). 


The list of integrated peripherals include: 
e 4-Input Interrupt Control Unit 

@ 3-Channel Timer/Counter Unit 

e 2-Channel DMA Unit 

@ 13-Output Chip-Select Unit 

e Refresh Control Unit 

e Power Management logic 


The registers associated with each integrated peri- 
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or I/O space on 
any 256 byte address boundary. 


Figure 3 provides a list of the registers associated 
with the PCB when the processor’s Interrupt Control 
Unit is in Master Mode. In Slave Mode, the defini- 
tions of some registers change. Figure 4 provides 
register definitions specific to Slave Mode. 
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interrupt Control Unit 


The 80C186EA can receive interrupts from a num- 
ber of sources, both internal and external. The Inter- 
rupt Control Unit (ICU) serves to merge these re- 
quests on a priority basis, for individual service by 
the CPU. Each interrupt source can be independent- 
ly masked by the Interrupt Control Unit or all inter- 
rupts can be globally masked by the CPU. 


Internal interrupt sources include the Timers and 
DMA channels. External interrupt sources come 
from the four input pins INT3:0. The NMI interrupt 
pin is not controlled by the ICU and is passed direct- 
ly to the CPU. Although the timers only have one 
request input to the ICU, separate vector types are 
generated to service individual interrupts within the 
Timer Unit. 


Timer/Counter Unit 


The 80C186EA Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti- 
tive waveforms, generate timed interrupts, etc. | 
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ren] Penton 
Offset 

[00H | Reserved 
[02H | Reserved 
| 04H | Reserved 
[06H | Reserved 
08H | Reserved _| 
|OAH | Reserved 


Reserved 


piney Feton 
Offset 

[40H | Reserved 
|42H | Reserved | 
44H | Reserved 
[48H | Reserved | 


Reserved 


Teor | Resoned_ 
eat | Resored 


Reserved 


DMAO Src. Lo 
DMAO Src. Hi | 


C4H | DMAO Dest. Lo 
C6H | DMAO Dest. Hi 
C8H DMAO Count 

AH | DMAO Control 


Reserved 
88H Reserved 
8AH Reserved 
8CH Reserved 


Reserved 


2) 


Reserved 


Q 
© 
- 
D 
: 

© 

ro 


Reserved 


Q 
m 
mi 


Reserved 
MA1 Src. Lo 
DMA‘ Src. Hi 
DMA1 Dest. Lo 
DMA1 Dest. Hi 
DMA1 Count 
DMA1 Control 
Reserved 


Reserved 
Timer 0 Count 


imer 0 Compare A 


Reserved 


S) 


Reserved Reserved 


N 


Reserved Reserved 


imer 0 Compare B 94H Reserved 
Timer 0 Control 


Timer 1 Count 


Reserved 
Reserved Reserved 


Reserved Reserved 


AH 
CH 


9AH 
CH 


DAH 
DCH 


1AH Reserved Reserved 


|1CH | Reserved | 
16H | Reserved | 
20H | Reserved 
| 22H | End of interrupt | 


Poll Status 
Interrupt Mask 
2AH Priority Mask 
2CH In-Service 
Interrupt Request 


imer 1 Compare A 


nn 


es | ke 
= 


oO 


Timer 1 Compare B Reserved 
Reserved 
UMCS 

2H LMCS 
4H PACS 
A6H MMCS 
A8H MPCS 
Reserved 
ACH Reserved 
AEH Reserved 
BOH Reserved 
B2H Reserved 


Reserved 


Timer 1 Control 
Timer 2 Count 


Timer 2 Compare 


OH 


> 


Refresh Base 


> 


H 
H 


Refresh Time 
Refresh Control 
Reserved 


> 


aS 


mj}m O 
Nn 2) 


m 
Hl t 
cr 

: 

® 

Qa. 


Reserved 
H | Timer 2 Control 
Reserved 
EAH Reserved 


Reserved 


Reserved 
6AH Reserved 


Reserved 


: 


on) 
.?) 
i 


Reserved Reserved 
70H Reserved 
72H Reserved 


Reserved 


FOH Power-Save 
F2H | Power Control 
F4 
F6H 
F8 
FAH 
FCH Reserved 
FEH Relocation 


Interrupt Status 


Timer Control 


x 


Reserved 
' Step ID 


Reserved 


Reserved Reserved 
B8H 
BAH 


BCH 


INTO Control Reserved Reserved 
INT1 Control 
INT2 Control 


INT3 Control 


Reserved Reserved Reserved 


Reserved 


QO 


sl SO) SE Se ee 
rIianin;+s 


Reserved 
7EH Reserved 
Figure 3. Peripheral Control Block Registers 


CH 


BEBBEBEEE 
O;O 
=is 
>| > 
— | oO 
2/2 
$18 
ae 
6/93 


Reserved 
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[om | Pete 
Offset 

Interrupt Vector 

| 2 | IntoruptRequest_ 
[pie erie 
paar 
cee. ae 
Peri Oi] 
Se ae 


TMR2 Interrupt Control 


Reserved 


Figure 4. 80C186EA Slave Mode Peripheral 
Control Block Registers 


DMA Control Unit 


The 80C186EA DMA Contol Unit provides two inde- 
pendent high-speed DMA channels. Data transfers 
can occur between memory and |/O space in any 
combination: memory to memory, memory to I/O, 
I/O to 1/0 or I/O to memory. Data can be trans- 
ferred either in bytes or words. Transfers may pro- 
ceed to or from either even or odd addresses, but 
even-aligned word transfers proceed at a faster rate. 
Each data transfer consumes two bus cycles (a mini- 
mum of eight clocks), one cycle to fetch data and 
the other to store data. The chip-select/ready logic 
may be programmed to point to the memory or |/O 
space subject to DMA transfers in order to provide 
hardware chip select lines. DMA cycles run at higher 
priority than general processor execution cycles. 
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Chip-Select Unit 


The 80C186EA Chip-Select Unit integrates logic 
which provides up to 13 programmable chip-selects 
to access both memories and peripherals. In addi- 
tion, each chip-select can be programmed to auto- 
matically terminate a bus cycle independent of the 
condition of the SRDY and ARDY input pins. The 
chip-select lines are available for all memory and 
|/O bus cycles, whether they are generated by the 
CPU, the DMA unit, or the Refresh Control Unit. 


Refresh Control Unit 


The Refresh Control Unit (RCU) automatically gen- 
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re- 
fresh requests. 


A 9-bit address generator is maintained by the RCU 
with the address presented on the A9:1 address 
lines during the refresh bus cycle. Address bits 
A19:13 are programmable to allow the refresh ad- 
dress block to be located on any 8 Kbyte boundary. 


Power Management 


The 80C186EA has three operational modes to con- 
trol the power consumption of the device. They are 
Power Save Mode, Idle Mode, and Powerdown 
Mode. 


Power Save Mode divides the processor clock by a 
programmable value to take advantage of the fact 
that current is linearly proportional to frequency. An 
unmasked interrupt, NMI, or reset will cause the 
80C186EA to exit Power Save Mode. 


Idle Mode freezes the clocks of the Execution Unit 
and the Bus Interface Unit at a logic zero state while 
all peripherals operate normally. 


Powerdown Mode freezes all internal clocks at a 
logic zero level and disables the crystal oscillator. All 
internal registers hold their values provided Vcc is 
maintained. Current consumption is reduced to tran- 
sistor leakage only. 


PRELIMINARY 


intel. 


80C 187 Interface (80C 186EA Only) 


The 80C187 Numerics Coprocessor may be used to 
extend the 80C186EA instruction set to include 
floating point and advanced integer instructions. 
Connecting the 80C186EA RESOUT and TEST/ 
BUSY pins to the 80C187 enables Numerics Mode 
operation. In Numerics Mode, three of the four Mid- 
Range Chip Select (MCS) pins become handshaking 
pins for the interface. The exchange of data and 
control information proceeds through four dedicated 
I/O ports. 


If an 80C187 is not present, the 80C186EA config- 
ures itself for regular operation at reset. 


NOTE: 
The 80C187 is not specified for 3V operation and 
therefore does not interface directly to the 
80L186EA. 


ONCE Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EA has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for “ON Circuit Emulation”. The 
ONCE mode is selected by forcing the UCS and LCS 
pins LOW (0) during a processor reset (these pins 
are weakly held to a HIGH (1) level) while RESIN is 
active. 


DIFFERENCES BETWEEN THE 
80C186XL AND THE 80C186EA 


The 80C186EA is intended as a direct functional up- 
grade for 80C186XL designs. In many cases, it will 
be possible to replace an existing 80C186XL with 
little or no hardware redesign. The following sections 
describe differences in pinout, operating modes, and 
AC and DC specifications to keep in mind. 


Pinout Compatibility 


The 80C186EA requires a PDTMR pin to time the 
processor’s exit from Powerdown Mode. The original 
pin arrangement for the 80C186XL in the PLCC 
package did not have any spare leads to use for 
PDTMR, so the DT/R pin was sacrificed. The ar- 
rangement of all the other leads in the 68-lead PLCC 
is identical between the 80C186XL and the 
80C186EA. DT/R may be synthesized by latching 
the S1 status output. Therefore, upgrading a PLCC 
80C186XL to PLCC 80C186EA is straightforward. 
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The 80-lead QFP (EIAJ) pinouts are different be- 
tween the 80C186XL and the 80C186EA. In addition 
to the PDTMR pin, the 80C186EA has more power 
and ground pins and the overall arrangement of pins 
was shifted. A new circuit board layout for the 
80C186EA is required. 


Operating Modes 


The 80C186XL has two operating modes, Compati- 
ble and Enhanced. Compatible Mode is a pin-to-pin 
replacement for the NMOS 80186, except for nu- 
merics coprocessing. In Enhanced Mode, the proc- 
essor has a Refresh Control Unit, the Power-Save 
feature and an interface to the 80C187 Numerics 
Coprocessor. The MCSO, MCS1, and MCS3 pins 
change their functions to constitute handshaking 
pins for the 80C187. 


The 80C186EA allows all non-80C187 users to use 
all the MCS pins for chip-selects. In regular opera- 
tion, all 80C186EA features (including those of the 
Enhanced Mode 80C186) are present except for the 
interface to the 80C187. Numerics Mode disables 
the three chip-select pins and reconfigures them for 
connection to the 80C187. 


TTL vs CMOS Inputs 


The inputs of the 80C186EA are rated for CMOS 
switching levels for improved noise immunity, but the 
80C186XL inputs are rated for TTL switching levels. 
In particular, the 80C186EA requires a minimum Vj 
of 3.5V to recognize a logic one while the 80C186XL 
requires a minimum Vj} of only 1.9V (assuming 5.0V 
operation). The solution is to drive the 80C186EA 
with true CMOS devices, such as those from the HC 
and. AC logic families, or to use pullup resistors 
where the added current draw is not a problem. 


Timing Specifications 


80C186EA timing relationships are expressed in a 
simplified format over the 80C186XL. The AC per- 
formance of an 80C186EA at a specified frequency 
will be very close to that of an 80C186XL at the 
same frequency. Check the timings applicable to 
your design prior to replacing the 80C186XL. 
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PACKAGE INFORMATION 


This section describes the pins, pinouts, and thermal 
characteristics for the 80C186EA in the Plastic 
Leaded Chip Carrier (PLCC) package, Shrink Quad 
Flat Pack (SQFP), and Quad Flat Pack (QFP) pack- 
age. For complete package specifications and infor- 
mation, see the Intel Packaging Outlines and Dimen- 
sions Guide (Order Number: 231369). 


With the extended temperature range operational 
characteristics are guaranteed over a temperature 
range corresponding to —40°C to +85°C ambient. 
Package types are identified by a two-letter prefix to 
the part number. The prefixes are listed in Table 1. 


Table 1. Prefix identification 
Package Temperature 
Type Range 
PLCC Extended 


rome QFP (EIAJ) 
| se | sare 


Pin nesciistiones 


Each pin or logical set of pins is described in Table 
3. There are three columns for each entry in the Pin 
Description Table. 


The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 


The Pin Type column contains two kinds of informa- 
tion. The first symbol indicates whether a pin is pow- 
er (P), ground (G), input only (I), output only (O) or 
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input/output (I/O). Some pins have multiplexed 
functions (for example, A19/S6). Additional symbols 
indicate additional characteristics for each pin. Table 
3 lists all the possible symbols for this column. 


_ The Input Type column indicates the type of input 


(asynchronous or synchronous). 


Asynchronous pins require that setup and hold times 
be met only in order to guarantee recognition at a 
particular clock edge. Synchronous pins require that 
setup and hold times be met to guarantee proper 
operation. For example, missing the setup or hold 
time for the SRDY pin (a synchronous input) will re- 
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character- 
istics for input pins are S(E), S(L), A(E) and A(L). 


The Output States column indicates the output 
state as a function of the device operating mode. 
Output states are dependent upon the current activi- 
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode and Powerdown Mode. Ap- 
propriate characteristics for these states are also in- 
dicated in this column, with the legend for all possi- 
ble characteristics in Table 2. 


The Pin Description column contains a text de- 
scription of each pin. 


As an example, consider AD15:0. I/O signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped- 
ance upon acknowledgement of bus hold. R(Z) sig- 
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 
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Table 2. Pin Description Nomenciature 


Power Pin (Apply + Vcc Voltage) 
Ground (Connect to Vss) 

Input Only Pin 

Output Only Pin 

Input/Output Pin 


Synchronous, Edge Sensitive 
Synchronous, Level Sensitive 
Asynchronous, Edge Sensitive 
Asynchronous, Level Sensitive 


Output Driven to Voc during Bus Hold 

Output Driven to Vss during Bus Hold 

Output Floats during Bus Hold 

Output Remains Active during Bus Hold 
Output Retains Current State during Bus Hold 


Output Weakly Held at Vcc during Reset 
Output Driven to Vcc during Reset 

Output Driven to Vss during Reset 

Output Floats during Reset 

Output Remains Active during Reset 
Output Retains Current State during Reset 


Output Driven to Vcc during Idle Mode 

Output Driven to Vss during Idle Mode 

Output Floats during Idle Mode 

Output Remains Active during Idle Mode 
Output Retains Current State during Idle Mode 


Output Driven to Vcc during Powerdown Mode 

Output Driven to Vss during Powerdown Mode 

Output Floats during Powerdown Mode 

Output Remains Active during Powerdown Mode 
Output Retains Current State during Powerdown Mode 
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Table 3. Pin Descriptions 
Output 
States Description 
POWER connections consist of six pins which must be shorted 
externally to a Vcc board plane. 
GROUND connections consist of five pins which must be shorted 
externally to a Vss board plane. 3 
: - 
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w 
~” 
om 
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~*~, < 
— @ 


CLocK INput is an input for an external clock. An external 
oscillator operating at two times the required processor operating 
frequency can be connected to CLKIN. For crystal operation, 
CLKIN (along with OSCOUT) are the crystal connections to an 
internal Pierce oscillator. 


OSCillator OUTput is only used when using a crystal to generate 
the external clock. OSCOUT (along with CLKIN) are the crystal 
connections to an internal Pierce oscillator. This pin is not to be 
used as 2X clock output for non-crystal applications (i.e., this pin is 
N.C. for non-crystal applications). OSCOUT does not float in 
ONCE mode. 


CLocK OUTput provides a timing reference for inputs and outputs 
of the processor, and is one-half the input clock (CLKIN) 
frequency. CLKOUT has a 50% duty cycle and transistions every 
falling edge of CLKIN. 


RESet IN causes the processor to immediately terminate any bus 
cycle in progress and assume an initialized state. All pins will be 
driven to a known state, and RESOUT will also be driven active. 
The rising edge (low-to-high) transition synchronizes CLKOUT with 
CLKIN before the processor begins fetching opcodes at memory 
location OFFFFOH. 


OSCOUT 
CLKOUT 


H(0) | RESet OUTput that indicates the processor is currently in the 
R(1) | reset state. RESOUT will remain active as long as RESIN remains 
P(0) | active. When tied to the TEST/BUSY pin, RESOUT forces the 


80C186EA into Numerics Mode. 


Power-Down TiMeR pin (normally connected to an external 
capacitor) that determines the amount of time the processor waits 
after an exit from power down before resuming normal operation. 
The duration of time required will depend on the startup 
characteristics of the crystal oscillator. 


Non-Maskable Interrupt input causes a Type 2 interrupt to be 
serviced by the CPU. NMI is latched internally. 


P34 
ki 


pion 
Aa 


TEST/BUSY is sampled upon reset to determine whether the 
80C186EA is to enter Numerics Mode. In regular operation, the pin 
is TEST. TEST is used during the execution of the WAIT 
instruction to suspend CPU operation until the pin is sampled 
active (low). In Numerics Mode, the pin is BUSY. BUSY notifies the 
80C186EA of 80C187 Numerics Coprocessor activity. 


S(L) H(Z) | These pins provide a multiplexed Address and Data bus. During 

R(Z) | the address phase of the bus cycle, address bits 0 through 15 (0 

P(X) | through 7 on the 8-bit bus versions) are presented on the bus and 
can be latched using ALE. 8- or 16-bit data information is 


transferred during the data phase of the bus cycle. 


NOTE: 
Pin names in parentheses apply to the 80C188EA and 80L188EA. 
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Table 3. Pin Descriptions (Continued) 


Pin Pin =| Input | Output a 


A18:16 H(Z) These pins provide multiplexed Address during the address 
A19/S6-A16 R(Z) phase of the bus cycle. Address bits 16 through 19 are 
(A19-A8) P(X) presented on these pins and can be latched using ALE. 
A18:16 are driven to a logic 0 during the data phase of the bus 
cycle. On the 8-bit bus versions, A15-A8 provide valid address 
information for the entire bus cycle. Also during the data 
phase, S6 is driven to a logic 0 to indicate a CPU-initiated bus 
cycle or logic 1 to indicate a DMA-initiated bus cycle or a 
refresh cycle. 
H(Z) 
R(Z) 
P(1) 
ALE/QSO H(0) 
R(0) 
P(0) 
BHE H(Z) 
(RFSH) R(Z) progress is transferring data over the upper half of the data 
P(x) | bus. BHE and AO have the following logical encoding: 
ee Encoding (For 80C186EA/80L186EA Only) 
Word Transfer 
; : Even Byte Transfer 
1 0 Odd Byte Transfer 
1 1 Refresh Operation 
On the 80C188EA/80L188EA, RFSH is asserted low to 
indicate a Refresh bus cycle. 7 


RD/QSMD H(Z) ReaD output signals that the accessed memory or I/O device 
R(WH) | must drive data information onto the data bus. Upon reset, this 
P(1) pin has an alternate function. As QSMD, it enables Queue 
Status Mode when grounded. In Queue Status Mode, the 
ALE/QS0 and WR/QS1 pins provide the following information 
about processor/instruction queue interaction: 
No Queue Operation 
First Opcode Byte Fetched from the Queue 
Subsequent Byte Fetched from the Queue 
Empty the Queue 


NOTE: 
Pin names in parentheses apply to the 80C188EA and 80L188EA. 


Bus cycle Status are encoded on these pins to provide bus 
transaction information. S2:0 are encoded as follows: 


Interrupt Acknowledge 
Read |/O 

Write I/O 

Processor HALT 
Queue Instruction Fetch 
Read Memory 

Write Memory 

Passive (no bus activity) 


—_ st - -«§ OC CO O O 
wt OOM et | 
mC) i a OC} =k CE 


Address Latch Enable output is used to strobe address 
information into a transparent type latch during the address 
phase of the bus cycle. In Queue Status Mode, QSO provides 
queue status information along with QS1. 


Byte High Enable output to indicate that the bus cycle in 


oOo --—- Oo 
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Table 3. Pin Descriptions (Continued) 


WRite output signals that data available on the data bus are to be 
written into the accessed memory or I/O device. In Queue Status 
Mode, QS1 provides queue status information along with QSO. 


Asychronous ReaDY is an input to signal for the end of a bus cycle. 

ARDY is asynchronous on rising CLKOUT and synchronous on falling 
CLKOUT. ARDY or SRDY must be active to terminate any processor 

bus cycle, unless they are ignored due to correct programming of the 

Chip Select Unit. 


Synchronous ReaDY is an input to signal for the end of a bus cycle. 
ARDY or SRDY must be active to terminate any processor bus cycle, 
unless they are ignored due to correct programming of the Chip Select 
Unit. 


Data ENable output to control the enable of bidirectional transceivers 
when buffering a system. DEN is active only when data is to be 
transferred on the bus. 


Data Transmit/Receive output controls the direction of a bi- 
directional buffer in a buffered system. DT/R is only available on the 
QFP (EIAJ) package and the SQFP package. 


LOCK output indicates that the bus cycle in progress is not to be 
interrupted. The processor will not service other bus requests (such 
as HOLD) while LOCK is active. This pin is configured as a weakly 
held high input while RESIN is active and must not be driven low. 


HOLD request input to signal that an external bus master wishes to 
gain control of the local bus. The processor will relinquish control of 
the local bus between instruction boundaries not conditioned by a 
LOCK prefix. 


HoLD Acknowledge output to indicate that the processor has 
relinquished control of the local bus. When HLDA is asserted, the 
processor will (or has) floated its data bus and control signals allowing | 
another bus master to drive the signals directly. 


Upper Chip Select will go active whenever the address of a memory 
or I/O bus cycle is within the address limitations programmed by the 
user. After reset, UCS is configured to be active for memory accesses 
between OFFCOOH and OFFFFFH. During a processor reset, UCS and 
LCS are used to enable ONCE Mode. 


Lower Chip Select will go active whenever the address of a memory 
bus cycle is within the address limitations programmed by the user. 
LCS is inactive after a reset. During a processor reset, UCS and LCS 
are used to enable ONCE Mode. 


NOTE: 
Pin names in parentheses apply to the 80C188EA and 80L188EA. 
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Table 3. Pin Descriptions (Continued) 


MCS0/PEREQ These pins provide a multiplexed function. If enabled, 


MCS1/ERROR these pins normally comprise a block of Mid-Range Chip 
MCS2 Select outputs which will go active whenever the address 


of a memory bus cycle is within the address limitations 
programmed by the user. In Numerics Mode (80C186EA 
only), three of the pins become handshaking pins for the 
80C187. The CoProcessor REQuest input signals that a 
data transfer is pending. ERROR is an input which 
indicates that the previous numerics coprocessor 
operation resulted in an exception condition. An interrupt 
Type 16 is generated when ERROR is sampled active at 
the beginning of a numerics operation. Numerics. 
Coprocessor Select is an output signal generated when 
the processor accesses the 80C187. 


MCS3/NCS 


Peripheral Chip Selects go active whenever the address 
of a memory or I/O bus cycle is within the address 
limitations programmed by the user. 


PCS5/A1 
PCS6/A2 


Peripheral Chip Selects, they go active whenever the 
address of a memory or I/O bus cycle is within the 
address limitations by the user. They may also be 
programmed to provide latched Address A2:1 signals. 


Timer OUTput pins can be programmed to provide a 
single clock or continuous waveform generation, 
P(Q) depending on the timer mode selected. 


TOIN A(L) Timer iNput is used either as clock or control signals, 
T1IN A(E) depending on the timer mode selected. 

and/or INT1 can be used with INTAO and INTA1 to 
INT3/INTA1/IRQ 

interrupt expansion. INT3/INTA1 becomes IRQ when the 


DRQO A(L) DMA ReQuest is asserted by an external request when it 
DRQ1 is prepared for a DMA transfer. 
interface with an external slave controller. INT1 becomes 
N.C. No Connect. For compatibility with future products, do not 
connect to these pins. 


INTO A(E,L) Maskable INTerrupt input will cause a vector to a specific 
INT1/SELECT 
SELECT when the ICU is configured for Slave Mode. 
NOTE: 


Type interrupt routine. To allow interrupt expansion, INTO 
INT2/INTAO 1/O | A(E,L) H(1) These pins provide multiplexed functions. As inputs, they 
R(Z) provide a maskable INTerrupt that will cause the CPU to 
P(1) vector to a specific Type interrupt routine. As outputs, 
each is programmatically controlled to provide an 
INTerrupt Acknowledge handshake signal to allow 
ICU is configured for Slave Mode. 
Pin names in parentheses apply to the 80C188EA and 80L188EA. 
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80C186EA PINOUT 


Tables 4 and 5 list the 80C186EA pin names with 
package location for the 68-pin Plastic Leaded Chip 
Carrier (PLCC) component. Figure 9 depicts the 
complete 80C186EA/80L186EA pinout (PLCC pack- 
age) as viewed from the top side of the component 
(i.e., contacts facing down). 


Tables 6 and 7 list the 80C186EA pin names with 
package location for the 80-pin Quad Flat Pack 
(EIAJ) component. Figure 6 depicts the complete 


a : 
intel. 
80C186EA/80C188EA (EIAJ QFP package) as 


viewed from the top side of the component (i.e., con- 
tacts facing down). 


Tables 8 and 9 list the 80C186EA/80C188EA pin 
names with package location for the 80-pin Shrink 
Quad Flat Pack (SQFP) component. Figure 7 depicts 
the complete 80C186EA/80C188EA (SQFP) as 
viewed from the top side of the component (i.e., con- 
tacts facing down). 


Table 4. PLCC Pin Names with Package Location 


Address/Data Bus 


ware | vooeton | 


ADO 

AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

AD8 (A8) 
AD9 (AQ) 
AD10 (A10) 
AD11 (A11) 
AD12 (A12) 
AD13 (A13) 
AD14 (A14) 
AD15 (A15) 
A16 

A17 

A18 
A19/S6 


Location 


26, 60 
9,43 


NOTE: . 


Pin names in parentheses apply to the 80C188EA/80L188EA. 
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34 


33 
MCS0/PEREQ 38 
MCS1/ERROR| 37 
MCS2 36 

/NCS 35 


25 
27 
28 
29 
30 
31 
PCS6/A2 32 


TOOUT 22 
TOIN 20 
T1OUT 23 
T1IN 21 


DRQO 18 
DRQ1 19 


INT1/SELECT 
INT2/INTAO 
INT3/INTA1/ 
IRQ 
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Table 5. PLCC Package Location with Pin Names 


[Location | Name 


NOTE: 
Pin names in parentheses apply to the 80C186EA/80L188EA. 


=] BHE (RFSH) 
] RD/QSMD 
rr] ALE/QSO 


(A15) ADIST]e 


a 


[uoeoton | nan 
52 SO 


1 AD15 (A15) MCS3/NCS 

2 AD7 MCS2 St 

3 AD14 (A14) MCS1/ERROR $2 

4 AD6 MCS0/PEREQ ARDY 

5 AD13 (A13) DEN CLKOUT 

6 AD5 PDTMR RESOUT 

7 AD12 (A12) INT3/INTA1/ OSCOUT 

8 AD4 IRQ CLKIN 

9 Voc INT2/INTAO Vss 
10 AD11 (A11) Voc ALE/QSO 
11 AD3 INT1/SELECT RD/QSMD 
12 AD10 (A10) INTO WR/QS1 
13 AD2 NMI BHE (RFSH) 
14 AD9 (AQ) TEST/BUSY A19/S6 
15 AD1 LOCK A18 
16 AD8 (A8) SRDY A17 
17 ADO HOLD A16 

HLDA 


N80C186EA20 


a XXXXXXXXD (See Note) 


1 MCSO/PEREQ 
3 MCS1/ERROR 


J MCS3/NCS 


Pcss/A1C 


NOTES: 272432-5 
1. The nine-character alphanumeric code (KXXXXXXXD) underneath the product number is the Intel FPO number. 
2. Pin names in parentheses apply to the 80C186EA/80L188EA. 


Figure 5. 68-Lead PLCC Pinout Diagram 
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Table 6. QFP (EIAJ) Pin Names with Package Location 


Address/Data Bus 
| __Name | Location | 
ADO 64 


AD1 
AD2 
AD3 
AD4 
AD5 
AD6 
AD7 


Bus Control 
Name | Location 
10 


ALE/QS0 
BHE (RFSH) 


RD/QSMD 
WR/QS1 


ARDY 
ADS (A8) anny 
AD10 (A10) — 
AD11 (A11) 
AD12 (A12) LOCK 
HOLD 


AD13 (A13) 
AD14 (A14) 
AD15 (A15) 
A16 
A17 
A18 
A19/S6 


HLDA 


12, 13, 24, 


53, 62 
2, 33, 34, 
44, 72,73: 


NOTE: 
Pin names in parentheses apply to the 80C186EA/80L188EA. 
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Processor Control 


UCS 45 


LCS 
MCS0/PEREQ 
MCS1/ERROR 
MCS2 

MCS3/NCS 


46 


INT1/SELECT 
INT2/INTAO 
INT3/INTA1/ 


PRELIMINARY 
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Table 7. QFP (EIAJ) Package Location with Pin Names 


ssaton [ae 


DRQO 

Vss 

N.C. 

ADO 

AD8 (A8) 
AD1 

AD9 (AQ) 
AD2 

AD10 (A10) 
AD3 | 
AD11 (A11) 
Voc 

Voc 

AD4 

AD12 (A12) 
AD5 

AD13 (A13) 
AD6 

AD14 (A14) 
AD7 


MCS1/ERROR 
MCS2 
MCS3/NCS 


Voc 


AD15 (A15) 
Vcc 

A16 

A17 

A18 

A19/S6 
BHE (RFSH) 


WR/QS1 
RD/QSMD 
ALE/QSO 
N.C. 

Vss 

Vss 

N.C. 

N.C. 
CLKIN 
OSCOUT 
RESOUT 
CLKOUT 
ARDY 


INT2/INTAO 
INT3/INTA1/ 
IRQ 

DT/R 

PDTMR 

DEN 
MCSO0/PEREQ 


NOTE: 
Pin names in parentheses apply to the 80C186EA/80L188EA. 


PCS6/A2 
MCS3/NCS 
MCS 1/ERROR 


PCS5S/A1 
Les 


> 
fe >] 
—_ 
~r 


(A8) AD8 [965 40 [7] MCSO/PEREQ 
38 fj PDTMR 


36 FJ INT3/INTA1/1RQ 
35 [CJ INT2/INTAO 


®* S80C186EA20 


: XXXXXXXXD (See Note) 
32 (CJ INT1/SELECT 


29) TEST/BUSY 


Oo 
N 
eo 
wo 


WR/QS1E] @ 
RD/QSMD CJ © 
ALE/QSso CL 

oscouT 

ResouT 

cLkouT 


A19/s6Cjo 


(RFSH) BHE CJ ~ 


NOTES: 272432-6 
1. The nine-character alphanumeric code (XXXXXXXXD) underneath the product number is the Intel FPO number. 
2. Pin names in parentheses apply to the 80C186EA/80L188EA. 


Figure 6. Quad Flat Pack (EIAJ) Pinout Diagram 
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Table 8. SQFP Pin Functions with Package Location 


ALE/QSO 
BHE/(RFSH) 
SO 


Si 
$2 
RD/QSMD 
WR/QS1 
ARDY 

AD8 (A8) SRDY 

AD9 (AQ) DEN 

AD10 (A10) 

AD11 (A11) 

AD12 (A12) 

AD13 (A13) 

AD14 (A14) 

AD15 (A15) 

A16/S3 

A17/S4 

A18/S5 

A19/S6 


NOTE: 


Pin names in parentheses apply to the 80C186EA/80L188EA. 


RESIN 
RESOUT 
CLKIN 
OSCOUT 
CLKOUT 
TEST/BUSY 
NMI 

INTO 
INT1/SELECT 
INT2/INTAO 
INT3/INTA1 
PDTMR 


Table 9. SQFP Pin Locations with Pin Names 


ADO 

AD8 (A8) 
AD1 

N.C. 

AD9 (A9) 
AD2 

AD10 (A10) 
AD3 

AD11 (A11) 
Voc 

Vcc 

AD4 

AD12 (A12) 
AD5 

AD13 (A13) 
AD6 

AD14 (A14) 
AD7 

AD15 (A15) 
Voc 


A16/S3 
A17/S4 
A18/S5 
A19/S6 

N.C. 
BHE/(RFSH) 
WR/QS1 
RD/QSMD 
ALE/QSO 


OnNo oh and — 


NOTE: 


Pin names in parentheses apply to the 80C186EA/80L188EA. 
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TEST/BUSY 
NMI 

INTO 
INT1/SELECT 


Voc 


Voc 
INT2/INTAO 
INT3/INTA1 


MCS0/PEREQ 
MCS1/ERROR 
MCS2 
MCS3/NPS 


PRELIMINARY 


Ld CLKOUT 
at RESOUT 
_J OSCOUT 


> 
Ww 


TEST/BUSY [7] 46 


INT1/SELECT [7 49 


>) 
N 
<— 
Lid 
fe) 
co 
O 


INT2/INTAO [952 
INT3/INTA1/IRQ [9 53 


PDTMR L.JSS 


MCSO/PEREQ [1957 
MCS1/ERROR (58 


MCS3/NCS [960 


Pcs6/a2 
Pcs5/A1 


XXXXXXXXD 
(See Note) 


80C 186EA/80C 188EA, 80L186EA/80L188EA 


"> LJ ALE/QSO 
'S 5) RD/QSMD 
‘1D wr/os1 

> [7] BHE (RFSH) 


2) AD8 (A8) 


OQ) 1 avo 


272432-7 


Figure 7. Shrink Quad Flat Pack (SQFP) Pinout Diagram 


NOTES: 
1. XXXXXXXXD indicates the Intel FPO number. 
2. Pin names in parentheses apply to the 80C188EA. 


PACKAGE THERMAL 
SPECIFICATIONS 


The 80C186EA/80L186EA is specified for operation 
when Tc (the case temperature) is within the range 
of 0°C to 85°C (PLCC package) or 0°C to 106°C 
(QFP-EIAJ) package. Tc may be measured in any 
environment to determine whether the processor is 
within the specified operating range. The case tem- 
perature must be measured at the center of the top 
surface. 


Ta (the ambient temperature) can be calculated 
from Oca (thermal resistance from the case to ambi- 
ent) with the following equation: 


Ta = Tc-P X Oca 


Typical values for @ca at various airflows are given 
in Table 10. 


P (the maximum power consumption, specified in 
watts) is calculated by using the maximum ICC as 
tabulated in the DC specifications and Vcc of 5.5V. 


Table 10. Thermal Resistance (6c,) at Various Airflows (in °C/Watt) 


8ca (PLCC) 
~ | Oca (QFP) 


PRELIMINARY 


Airflow Linear ft/min (m/sec) 


600 | 800 | 1000 
(2.03) | (3.04) | (4.06) | (5.07) 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings* 


Storage Temperature .......... —65°C to + 150°C 
Case Temperature under Bias ... —65°C to + 150°C 
Supply Voltage with Respect 

AO Vass. , vc bv dwn a'n's Treinen .—0.5V to +6.5V 
Voltage on Other Pins with Respect 

AS WE cewek tk xv calc kes —0.5V to Voc + 0.5V 


Recommended Connections 


Power and ground connections must be made to 
multiple Voc and Vss pins. Every 80C186EA based 
circuit board should contain separate power (Vcc) 
and ground (Vgs) planes. All Voc and Vss pins must 
be connected to the appropriate plane. Pins identi- 
fied as “N.C.” must not be connected in the system. 
Decoupling capacitors should be placed near the 
processor. The value and type of decoupling capac- 
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NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. It is valid for 
the devices indicated in the revision history. The 
specifications are subject to change without notice. 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


itors is application and board layout dependent. The 
processor can cause transient power surges when 
its output buffers transition, particularly when con- 


nected to large capacitive loads. 


Always connect any unused input pins to an appro- 
priate signal level. In particular, unused interrupt pins 
(NMI, INT3:0) should be connected to Vss to avoid 
unwanted interrupts. Leave any unused output pin 
or any “N.C.” pin unconnected. 
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SPECIFICATIONS (80C186EA/80C 188EA) 


DC 

[symbot] Parameter 
: 

| 


Output High Voltage Meo 05. b. Wee lon = —2 mA (min) 
Input Hysterisis on RESIN bap. | Wey 


Input Leakage Current (except 


RD/QSMD, UCS, LCS, MCS0/PEREQ, 
MCS1/ERROR, LOCK and TEST/BUSY) 
Le 
C 


Input Leakage Current 
Icc 


(RD/QSMD, UCS, LCS, MCSO0/PEREQ, 
MCS1, ERROR, LOCK and TEST/BUSY 


Supply Current Cold (RESET) 
80C186EA20/80C188EA20 
80C186EA13/80C188EA13 


Supply Current In Idle Mode 
80C186EA20/80C188EA20 
80C186EA13/80C188EA13 


Supply Current In Powerdown Mode 
80C186EA20/80C188EA20 
80C186EA13/80C188EA13 


NOTES: 

1. RD/QSMD, UCS, LCS, MCS0/PEREQ, MCS1/ERROR, LOCK and TEST/BUSY have internal pullups that are only acti- 
vated during RESET. Loading these pins above lo, = -—275 pA will cause the processor to enter alternate modes of 
operation. 


2. Output pins are floated using HOLD or ONCE Mode. 

3. Measured at worst case temperature and Vcc with all outputs loaded as specified in the AC Test Conditions, and with the 
device in RESET (RESIN held low). RESET is worst case for Icc. 

4. Output capacitance is the capacitive load of a floating output pin. 
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DC SPECIFICATIONS (80L186EA/80L188EA) 


| Parameter | Min 


Supply Voltage 


[Supply Voltage | aT 
[Input Low VoltageforAllPins | -0.5 
[Input High Voltage for AllPins | 0.7 Voc 


[Units | Conditions 
27 Ce ee 
i Ba ae a ee 
Input High Voltage for All Pins 07 Vcc | Voc FOS PVs [Bee 
Output LowVottage | | 0.45 || No = 1.6 mA min) 
Output HighVottage [Moo = 05] | | to = = 1 mA (rin) 
Viva | InputHysterisisonRESIN, | ogo | | 


ie Input Leakage Current (except +10 MA | OV< Vin < Voc 
RD/QSMD, UCS, LCS, MCS0/PEREQ, 
MCS1, LOCK and TEST) 
Input Leakage Current +275 BA | Vin = 0.7 Voc 
(RD/QSMD, UCS, LCS, MCSO, (Note 1) 
MCS1, LOCK and TEST) 
lOL Output Leakage Current 0.45 < Vout < Voc 


Supply Current (RESET, 5.5V) 
80L186EA-13 
80L186EA-8 


Supply Current (RESET, 2.7V) 
80L186EA-13 (Note 3) 
80L186EA-8 (Note 3) 


Supply Current Idle (5.5V) 
80L186EA-13 
80L186EA-8 


Supply Current Idle (2.7V) 
80L186EA-13 
80L186EA-8 


Supply Current Powerdown (5.5V) 
80L186EA-13 
80L186EA-8 


Supply Current Powerdown (2.7V) 


< 


Voc 
VIL 
ViH 
VOL 
VOH 


liL2 


(Note 3) 
(Note 3) 


80L186EA-13 
80L186EA-8 


2) © 
a) ao 


Output Pin Capacitance ee a ee se Se Te = 1 MHz (Note 4) 
input Pin Capacitance a a a ee 


NOTES: 
1. RD/QSMD, UCS, LCS, MCSO, MCS1, LOCK and TEST have internal pullups that are only activated during RESET. 
Loading these pins above Io, = —275 yA will cause the processor to enter alternate modes of operation. 


2. Output pins are floated using HOLD or ONCE Mode. 

3. Measured at worst case temperature and Vcc with all outputs loaded as specified in the AC Test Conditions, and with the 
device in RESET (RESIN held low). 

4. Output capacitance is the capacitive load of a floating output pin. 
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Icc VERSUS FREQUENCY AND VOLTAGE 


The current (icc) consumption of the processor is 
essentially composed of two components; Ipp and 
Iccs- 


Ipp is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vcc (no clock applied to 
the device). Ipp is equal to the Powerdown current 
and is typically less than 50 pA. 


Iccs is the switching current used to charge and 
discharge parasitic device capacitance when chang- 
ing logic levels. Since Iccs is typically much greater 
than Ipp, |pp can often be ignored when calculating 


loc: 
Iccs is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 

Power = V X | = V2 X Cpgy * f 

i we |= Ioo = logs =: V¥ * Gogy xT 

Where: V = Device operating voltage (Vcc) 

Cpev = Device capacitance 

f = Device operating frequency 

lccs = lcc = Device current 


Measuring Cpgy on a device like the 80C186EA 
would be difficult. Instead, Cp¢y is calculated using 
the above formula by measuring Icc at a known Voc 
and frequency (see Table 11). Using this Cpry val- 
ue, Icc can be calculated at any voltage and fre- 
quency within the specified operating range. 


EXAMPLE: Calculate the typical Ic¢c when operating 
at 20 MHz, 4.8V. 


loc = locs = 4.8 X 0.515 X 20 = 49mA 


80C 186EA/80C 188EA, 80L186EA/80L188EA 


PDTMR PIN DELAY CALCULATION 


The PDTMR pin provides a delay between the as- 
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 


NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow- 
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi- 
lized). 


To calculate the value of capacitor required to pro- 
vide a desired delay, use the equation: 


440 xX t= Cpp (SV, 25°C) 
Where: t = desired delay. in seconds 


Cpp = capacitive load on PDTMR in mi- 
crofarads 


EXAMPLE: To get a delay of 300 ps, a capacitor 
value of Cpp = 440 x (300 x 10-6) = 0.132 pF is 
required. Round up to standard (available) capaci- 
tive values. 


NOTE: 
The above equation applies to delay times greater 
than 10 ws and will compute the TYPICAL capaci- 
tance needed to achieve the desired delay. A delay 
variance of +50% or —25% can occur due to 
temperature, voltage, and device process ex- 
tremes. In general, higher Voc and/or lower tem- 
perature will decrease delay time, while lower Voc 
and/or higher temperature will increase delay time. 


Table 11. Cpog¢y Values 


Cpev (Device in Reset) 0.515 


—s 
080s | maviMie 
0695 


Cpev (Device in Idle) 0.391 


mA/V*MHz 


1. Max Cpey is calculated at —40°C, all floating outputs driven to Voc or GND, and all ~ 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 
2. Typical Cpgy is calculated at 25°C with all outputs loaded to 50 pF except CLKOUT and 


OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 
AC Characteristics—80C 186EA20/80C 186EA13 


[Symbol] Parameter Min 
INPUT CLOCK 
TF 


CLKIN Frequency 
CLKIN Period 
CLKIN High Time 
CLKIN Low Time 
CLKIN Rise Time 
CLKIN Fall Time 


CLKIN to CLKOUT Delay 
CLKOUT Period 
CLKOUT High Time 
CLKOUT Low Time 
CLKOUT Rise Time 
CLKOUT Fall Time 


OUTPUT DELAYS 
TcHovi | ALE, $2:0, DEN, DT/R, 
BHE, (RFSH), LOCK, A19:16 


TcHove | MCS3:0, LCS, UCS, PCS6:0, 
NCS, RD, WR 


TcLovi | BHE (RFSH), DEN, LOCK, 
RESOUT, HLDA, 
TOOUT, T1OUT, A19:16 


TcLtov2 | RD, WR, MCS3:0, LCS, 
UCS, PCS6:0, AD15:0 
(A15:8, AD7:0), 
NCS, INTA1:0, S2:0 


TcHor | RD, WR, BHE (RFSH), DT/R, 
LOCK, S2:0, A19:16 


Toor | DEN, AD15:0(A15:8,AD7:0) | 0 | 
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AC SPECIFICATIONS (Continued) 
AC Characteristics—80C 186EA20/80C 186EA13 


SYNCHRONOUS INPUTS 

TCHIS TEST, NMI, INT3:0, 
T1:0IN, ARDY 

TCHIH TEST, NMI, INT3:0, 
T1:0IN, ARDY 

TcLis AD15:0 (AD7:0), ARDY, 
SRDY, DRQ1:0 


Tourn AD15:0 (AD7:0), ARDY 
SRDY, DRQ1:0 

Tous HOLD, PEREQ, ERROR 
(80C186EA Only) 

TouH HOLD, PEREQ, ERROR 
(80C186EA Only) 


NOTES: 

. See AC Timing Waveforms, for waveforms and definition. 

. Measured at Vj} for high time, Vi_ for low time. 

. Only required to guarantee Ioc. Maximum limits are bounded by Tc, TcH and Tc. 
. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 

. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 

. See Figure 14 for rise and fall times. | 
. TcHovi applies to BHE (RFSH), LOCK and A19:16 only after a HOLD release. 

. TcHove2 applies to RD and WR only after a HOLD release. 

. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold are required for proper operation. 

11. TcHovs applies to BHE (RFSH) and A19:16 only after a HOLD release. 

Pin names in parentheses apply to the 80C188EA/80L188EA. 
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AC SPECIFICATIONS 


AC Characteristics—80L186EA13/80L186EA8 


| Symbol | Parameter. 
INPUT CLOCK | 
TF 


CLKIN Frequency 
CLKIN Period 
CLKIN High Time 
CLKIN Low Time 
CLKIN Rise Time 
CLKIN Fall Time 


CLKIN to CLKOUT Delay 
CLKOUT Period 
CLKOUT High Time 
CLKOUT Low Time 
CLKOUT Rise Time 
CLKOUT Fall Time 


OUTPUT DELAYS 


ALE, LOCK 


NO 
N 


TcHove2 


mp] > nN 
N | O N 


Nh 
N 


1. See AC Timing Waveforms, for waveforms and definition. 

. Measured at Vy for high time, V\_ for low time. 

. Only required to guarantee loc. Maximum limits are bounded by Tc, Tou and Toy. 
. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 

. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
See Figure 14 for rise and fall times. 

- TcHOV1 applies to BHE (RFSH), LOCK and A19:16 only after a HOLD release. 
. TCHOV2 applies to RD and WR only after a HOLD release. 

. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold are required for proper operation. 

11. TcHovs applies to BHE (RFSH) and A19:16 only after a HOLD release. 

12. Pin names in parentheses apply to the 80C188EA/80L188EA. 


ODNAOAWND 
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AC SPECIFICATIONS 


AC Characteristics—80L186EA13/80L186EA8 


| Symbol Parameter 


SYNCHRONOUS INPUTS 
TEST, NMI, INT3:0, T1:0IN, ARDY 


TEST, NMI, INT3:0, T1:0IN, ARDY 
AD15:0 (AD7:0), ARDY, SRDY, DRQ1:0 


ore Rea IR ane aera 


NOTES: 

. See AC Timing Waveforms, for waveforms and definition. 

. Measured at Vj} for high time, Vi. for low time. 

. Only required to guarantee loc. Maximum limits are bounded by Tc, Tou and Tc. 
. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 

. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
. See Figure 14 for rise and fall times. 

. TcHov1 applies to BHE (RFSH), LOCK and A19:16 only after a HOLD release. 
. TcHove2 applies to RD and WR only after a HOLD release. 

. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold are required for proper operation. , 

11. TcHovs applies to BHE (RFSH) and A19:16 only after a HOLD release. 

12. Pin names in parentheses apply to the 80C188EA/80L188EA. 
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AC SPECIFICATIONS (Continued) 


Relative Timings (80C186EA20/ 13, 80L186EA13/8) 


| Symbol Parameter 
RELATIVE TIMINGS Oe 

ALE Rising to ALE Falling T-45 

Address Valid to ALE Falling 

Chip Selects Valid to ALE Falling 

Address Hold from ALE Falling 

ALE Falling to WR Falling 

ALE Falling to RD Falling 

RD Rising to ALE Rising 

WR Rising to ALE Rising 

Address Float to RD Falling 

RD Falling to RD Rising 

WR Falling to WR Rising 

RD Rising to Address Active 

Output Data Hold after WR Rising 

WR Rising to DEN Rising 

WR Rising to Chip Select Rising 

RD Rising to Chip Select Rising 

CS Inactive to CS Active 

DEN Inactive to DT/R Low 


ONCE (UGS, LCS) Active to RESIN Rising 
ONCE (UGS, CCS) to RESIN Rising 


NOTES: 

1. Assumes equal loading on both pins. 

2. Can be extended using wait states. 

3. Not tested. 

4. Not applicable to latched A2:1. These signals change only on falling T;. 
5. For write cycle followed by read cycle. 
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AC TEST CONDITIONS OUTPUT 
PIN aie 
The AC specifications are tested with the 50 pF load 3 
shown in Figure 8. See the Derating Curves section ? 3 
to see how timings vary with load capacitance. 272432-8 


C. = 50 pF for all signals. 


Specifications are measured at the Vcoc/2 crossing 
point, unless otherwise specified. See AC Timing Figure 8. AC Test Load 
Waveforms, for AC specification definitions, test 

pins, and illustrations. 


AC TIMING WAVEFORMS 


CLKOUT 


272432-9 


Figure 9. input and Output Clock Waveform 
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50% CLKOUT 


rae say 


V 


FLOAT (NOTE) 


FLOAT (NOTE) 


272432-10 


NOTE: 
20% Voc < Float < 80% Voc 


Figure 10. Output Delay and Float Waveform 


50% CLKOUT (NOTE) 


Ar eae Nl 


272432-11 


NOTE: 
RESIN measured to CLKIN, not CLKOUT 


Figure 11. Input Setup and Hold 


ahs | ss PRELIMINARY | 


° . 
; ntel : 80C186EA/80C 188EA, 80L186EA/80L188EA 


CLKOUT 


Vec 
ADO:15 (ADO:7), 
A19:16 (A19:8) 
OV 


Vec 
RD or WR 


272432-12 


NOTES: 
1. Tpxpi for write cycle followed by read cycle. 
2. Pin names in parentheses apply to tthe 80C188EA. 


Figure 12. Relative Signal Waveform 
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DERATING CURVES | 
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Figure 13. Typical Output Delay Variations 
Versus Load Capacitance 


RESET 


The processor performs a reset operation any time 
the RESIN pin is active. The RESIN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor- 
rect initialization of the processor. Failure to pro- 
vide RESIN while the device is powering up will 
result in unspecified operation of the device. 


Figure 15 shows the correct reset sequence when 
first applying power to the processor. An external 
clock connected to CLKIN must not exceed the Vcc 
threshold being applied to the processor. This is nor- 
mally not a problem if the clock driver is supplied 
with the same Vcc that supplies the processor. 
When attaching a crystal to the device, RESIN must 
remain active until both Vcc and CLKOUT are stable 
(the length of time is application specific and de- 
pends on the startup characteristics of the crystal 
Circuit). The RESIN pin is designed to operate cor- 
rectly using an RC reset circuit, but the designer 
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Figure 14. Typical Rise and Fall Variations 
Versus Load Capacitance 


must ensure that the ramp time for Vcc is not so 
long that RESIN is never really sampled at a logic 
low level when Vcc reaches minimum operating 
conditions. 


Figure 16 shows the timing sequence when RESIN 
is applied after Vcc is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the processor to a known operat- 
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 


While RESIN is active, signals RD/QSMD, UCS, 
LCS, MCS0O/PEREQ, MCS1/ERROR, LOCK, and 
TEST/BUSY are configured as inputs and weakl 

held high by internal pullup transistors. Forcin es 
and LCS low selects ONCE Mode. Forcing SMD 
low selects Queue Status Mode. Forcing TEST/ 
BUSY high at reset and low four clocks later enables 
Numerics Mode. Forcing LOCK low is prohibited and 
results in unspecified operation. 
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Figure 15. Powerup Reset Waveforms 
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PCS6:0, 

TOOUT, T10UT, 
NCS 


HLDA, ALE 
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A16 
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ABYVNIMI Tele 


Minimum RESIN Low Time RESIN High to First Bus Activity, 7 CLKOUT periods 
4 CLKOUT Periods 
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NOTES: ; 
1. CLKOUT resynchronization occurs approximately 11/4 CLKIN periods after RESIN is sampled low. If RESIN is sampled low while CLKOUT is transitioning high, 
then CLKOUT will remain high for two CLKIN periods. If RESIN is sampled low while CLKOUT is transitioning high, then CLKOUT will not be affected. 

2. Pin names in parentheses apply to the 80C188EA. 
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BUS CYCLE WAVEFORMS 


Figures 17 through 23 present the various bus cycles that are generated by the processor. What is shown in 
the figure is the relationship of the various bus signals to CLKOUT. These figures along with the information 
present in AC Specifications allow the user to determine all the critical timing analysis needed for a given 
application. 


CLKOUT 


BHE (RFSH) 
(A15:8) 


D15:0 VALID 
(D7:0) 


272432-17 


NOTES: 
1. During the data phase of the bus cycle, A19/S6 is driven high for a DMA or refresh cycle. 
2. Pin names in parentheses apply to the 80C188EA. 


Figure 17. Read, Fetch and Refresh Cycle Waveform 
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1. During the data phase of the bus cycle, A19/S6 is driven high for a DMA cycle. 


2. Pin names in parentheses apply to the 80C188EA. 


NOTES: 


Figure 18. Write Cycle Waveform 
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NOTES: 
1. The processor drives these pins to 0 during Idle and Powerdown Modes. 
2. Pin names in parentheses apply to the 80C188EA. 


Figure 19. Halt Cycle Waveform 
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1. INTA occurs one clock later in Slave Mode. 


NOTES: 
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NOTE: 


1. Pin names in parentheses apply to the 80C188EA. 


Figure 21. HOLD/HLDA Waveform 
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1. Pin names in parentheses apply to the 80C188EA. 


NOTE 


Figure 22. DRAM Refresh Cycle During Hold Acknowledge 
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BHE (RFSH) 
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NOTES: 


1. Generalized diagram for READ or WRITE. 
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Figure 23. Ready Waveform 
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80C 186EA/80C188EA EXECUTION 
TIMINGS 


A determination of program exeuction timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum 
execution time in clock cycle for each instruction. 
The timings given are based on the following as- 
sumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


e No wait states or bus HOLDs occur. 


e All word-data is located on even-address bound- 
aries. (80C186EA only) 


All jumps and calls include the time required to fetch 


the opcode of the next instruction at the destination 
address. 
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| 

intel. 
All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 


shake between the bus interface unit (BIU) and exe- 
cution unit. 


With a 16-bit BIU, the 80C186EA has sufficient bus 
performance to endure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program exeuc- 
tion time will not be substanially greater than that 
derived from adding the instruction timings shown. 


The 80C188EA 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 
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_INSTRUCTION SET SUMMARY 


80C186EA | 80C188EA 
Function Comments 


DATA TRANSFER 
OV = Move: 


Register to Register/ Memory 1000100w mod reg r/m 


Register/memory to register 1000101w 

immediate to register/memory 1100011w data 8/16-bit 

immediate to register 1011w reg 8/16-bit 
emory to accumulator 1010000w 

ccumulator to memory 101000iw addr-low 


mod 0 reg r/m 


Register/memory to segment register 10001110 


Segment register to register/memory 10001100 | modOreg r/m 


PUSH = Push: 
Memory 411111114 | mod110 r/m 


01010 reg 


mod000 r/m 


000regi110 


01011 reg 
000reg111 (reg#01) 


CHG = Exchange: 
Register/memory with register 1000011w 


Register with accumulator 10010 reg 


IN = Input from: 
Fixed port 1110010w 


ariable port 1110110w 
OUT = Output to: 
Fixed port 1110011w 


ariable port j 1110111w 


LAT = Translate byte to AL 


LEA = Load EA to register 10001101 mod reg r/m 


LDS = Load pointer to DS 11000101 (mod¥11) 


LES = Load pointer to ES 11000100 mod reg r/m (mod 11) 


AHF = Load AH with flags 
SAHF = Store AH into flags 10011110 
PUSHF = Push flags 10011100 


POPF = Pop flags 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


Law 


RITHMETIC 
DD = Add: 


Reg/memory with register to either 
Immediate to register/memory 
Immediate to accumulator 


ADC = Add with carry: 
Reg/memory with register to either 


mmediate to register/memory 
Immediate to accumulator 


NC < Increment: 
Register/memory 
Register 


SUB = Subtract: 
Reg/memory and register to either 


immediate from register/memory 
Immediate from accumulator 


SBB = Subtract with borrow: 
IReg/memory and register to either 


mmediate from register/memory 


Immediate from accumulator 
DEC = Decrement 
Register/memory 

Register 


MP = Compare: 
Register/memory with register 


Register with register/ memory 
Immediate with register/ memory 
Immediate with accumulator 
INEG = Change sign register/memory 
A = ASCII adjust for add 

DAA = Decimal adjust for add 

AS = ASCIl adjust for subtract 
DAS = Decimal adjust for subtract 


UL = Multiply (unsigned): 


Register-Byte 

Register-Word 

IMemory-Byte 
jemory-Word 


00101110 
00110110 


00100110 


000000dw mod reg r/m 


100000sw | mod000 r/m data 


data ifs w=01 


8/16-bit 


a 


0000010w ata data ifw=1 


000100dw mod reg r/m 


100000sw mod010 r/m data data ifs w=01 


0001010w 


S 


ta data ifw=1 


000 r/m 


01000 reg 


001010dw 


mod reg r/m 


100000sw mod 101 r/m data data ifs w=01 


S 


0010110w 8/16-bit 


ta data if w=1 


000110dw mod reg r/m 


data if s w=01 
data if w= 1 


100000sw mod011 r/m 


0001110w data 8/16-bit 


001 r/m 
01001 reg 


mod reg r/m 


0011101Ww 


0011100w 


100000sw mod 111 .r/m data data ifs w=01 


ta data if w= 1 8/16-bit 


mod011 r/m 
00110111 
00100111 


00101111 


100 r/m 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 


*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


80C186EA | 80C188EA 
Function 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed: 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


(signed) : e B83 SERENE Sa : pages ee = 


Div = Divide (unsigned): 111101141w | mod110 r/m 
Register-Byte 


= Integer divide (signed): 1111011w | mod1111r/m 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AM = ASCIil adjust for multiply 11010100 00001010 


AAD = ASCIl adjust for divide 11010101 | 00001010 


BW = Convert byte to word 10011000 


WD = Convert word to double word 10011001 


Shift/Rotate Instructions: 


foe 


Register/Memory by 1 1101000w mo 


Register/Memory by CL 1101001w mod TTT r/m 5+n/17+n|5+n/17+n 


TTT Instruction 
000 ROL 
001 ROR 
010 — 

011 RCR 
100 SHL/SAL 
101 SHR 
111 SAR 


Reg/memory and register to either 001000dw 
Immediate to register/memory 1000000w | mod100 r/m data if w=1 
Immediate to accumulator 0010010w data if w= 1 8/16-bit 


EST = And function to flags, no result: 


Register/memory and register 1000010w 
Immediate data and register/memory 1111011w | mod000 r/m data if w= 1 
Immediate data and accumulator 1010100w data if w= 1 8/16-bit 


OR = Or: 
Reg/memory and register to either 000010dw 


Immediate to register/memory 1000000w | mod001 r/m data ifw=1 


Immediate to accumulator 0000110w 


8/16-bit 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Function 


LOGIC (Continued) 
XOR = Exclusive or: 


Reg/memory and register to either 001100dw 

Immediate to register/memory 1000000w | mod1101r/m | data._~—s|sdataifw=1 | 

Immediate to accumulator 0011010w | datas | dataifw=1 8/16-bit 
OT = Invert register/memory 1111011w 


STRING MANIPULATION 
MOVS = Move byte/word 1010010w 


MPS = Compare byte/word 1010011w 
ISCAS = Scan byte/word 1010111w 


LODS = Load byte/wd to AL/AX 1010110w 


ISTOS = Store byte/wd from AL/AX 1010101w 


Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ) 


MOVS = Move string 11110010 | 1010010w 8+8n" 


MPS = Compare string 1111001z | 1010011w 5+22n 


ISCAS = Scan string L171 700 Tz 5+ 15n* 


LODS = Load string 11110010 1010110w 6+11n* 
ISTOS = Store string TH110040 1010101w 6+9n* 


ONTROL TRANSFER 
ALL = Call: 
Direct within segment 11101000 


Register/memory aa T4144 mod010 r/m 
indirect within segment 


Direct intersegment 10011010 segment offset 


segment selector 


Indirect intersegment Tee 4 mod011 r/m (mod # 11) 


MP = Unconditional jump: 


Short/long TATOT44 


Direct within segment 11101001 disp-high 


Register/memory ibe aoe a he mod 100 r/m 


indirect within segment 


Direct intersegment 11101010 segment offset 


segment selector 


Indirect intersegment Se se mod 101 r/m (mod # 11) 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Function Format 


ONTROL TRANSFER (Continued) 
RET = Return from CALL: 


ithin segment 11000011 


ithin seg adding immed to SP 11000010 data-low data-high 


ntersegment 11001011 


data-low data-high 


ntersegment adding immediate to SP 11001010 


E/JZ = Jump on equal/zero 01110100 JMP not 
taken/JMP 


taken 


L/JNGE = Jump on less/not greater or equal | 01111100 


LE/JNG = Jump on less or equal/not greater | 01111110 


B/JNAE = Jump on below/not above or equal | 01110010 


BE/JNA = Jump on below or equal/not above | 01110110 


P/JPE = Jump on parity/parity even 01111010 


O = Jump on overflow 01110000 


S = Jump on sign 01111000 


NE/JNZ = Jump on not equal/not zero 01110101 


NL/JGE = Jump on not less/greater or equal | 01111101 


NLE/JG = Jump on not less or equal/greater | 01111111 


NB/JAE = Jump on not below/above or equal | 01110011 


NBE/JA = Jump on not below or equal/above | 01110111 


NP/JPO = Jump on not par/par odd 01111011 


NO = Jump on not overflow 01110001 


NS = Jump on not sign 01111001 


CXZ = Jump on CX zero 11100011 


OOP = Loop CX times 11100010 


OOPZ/LOOPE = Loop while zero/equal 11100001 


OOPNZ/LOOPNE = Loop while not zero/equall 11100000 


NT = Interrupt: 


ype specified 11001101 type 


ype 3 11001100 45 if INT. taken 


if INT. not 
taken 


NTO = Interrupt on overflow 11001110 


RET = Interrupt return 11001111 


os 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


80C 186EA 80C188EA 
Function Format Clock Clock 
Cycies Cycles 


PROCESSOR CONTROL 


LC = Clear carry 11111000 


MC = Complement carry 144.160101 
STC = Set carry 11111001 
LD = Clear direction 11111100 
STD = Set direction TIATIATOC 
LI = Clear interrupt 11111010 
STI = Set interrupt ‘Pe tet y 
HLT = Halt 11110100 
AIT = Wait 10011011 


LOCK = Bus lock prefix 11110000 


NOP = No Operation 10010000 


(TTT LLL are opcode to processor extension) 


intel. 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 


*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 


The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 


ifmod = _ 11 thenr/mis treated as a REG field 

ifmod = O00then DISP = 0%, disp-low and disp- 
high are absent 

ifmod = 01 then DISP = disp-low sign-ex- 
tended to 16-bits, disp-high is absent 

ifmod = 10then DISP = disp-high: disp-low 

ifr/m = 000 then EA = (BX) + (SI) + DISP 

if r/m = 001 then EA = (BX) + (DI) + DISP 

ifr/m = 010 then EA = (BP) + (SI) + DISP 

ifr/m = 011 then EA = (BP) + (DI) + DISP 

ifr/m = 100 then EA = (SI) + DISP 

ifr/m = 101 then EA = (Dl) + DISP 

ifr/m = 110then EA = (BP) + DISP* 

ifr/m = 111then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 


*except if mod = 00 and r/m = 110 then EA = 
disp-high: disp-low. 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 

Segment Override Prefix 


o> 0..4. eg -1- 1.8 
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reg is assigned according to the following: 


Segment 
reg Register 
00 ES 
01 CS 
10 SS 
11 DS 


REG is assigned according to the following table: 
16-Bit(w = 1) 8-Bit(w = 0) 


000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL | 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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Intel 80C186EA/80L186EA devices are marked with 
a 9-character alphanumeric Intel FPO number un- 
derneath the product number. This data sheet up- 
date is valid for devices with an “A”, “B”, “C”, or 
“D” as the ninth character in the FPO number, as 
illustrated in Figure 5 for the 68-lead PLCC package, 
Figure 6 for the 84-lead QFP (ElAJ) package, and 
Figure 7 for the 80-lead SQFP device. Such devices 
may also be identified by reading a value of 01H, 
02H, 03H from the STEPID register. 


This data sheet replaces the following data sheets: 


272019-002—80C186EA 
272020-002—80C188EA 
272021-002—80L186EA 
272022-002—80L188EA 
272307-001—SB80C186EA/SB80L186EA 
272308-001—SB80C188EA/SB80L188EA 
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ERRATA 


An 80C186EA/80L186EA with a STEPID value of 
01H or 02H has the following known errata. A device 
with a STEPID of 01H or 02H can be visually identi- 
fied by noting the presence of an ‘A’, “B”’, or “C” 
alpha character, next to the FPO number. The FPO 
number location is shown in Figures 5, 6, and 7. 


1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in- 
terrupt timing. 


An 80C186EA/80L186EA with a STEPID value of 
03H has no known errata. A device with a STEPID of 
03H can be visually identified by noting the presence 
of a ‘‘D” alpha character next to the FPO number. 
The FPO number location is shown in Figures 5, 6, 
and 7. 
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80C 186EB/80C188EB AND 80L186EB/80L188EB 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSORS 


@ Full Static Operation 
@ True CMOS inputs and Outputs 
@ — 40°C to + 85°C Operating Temperature Range 


Integrated Feature Set 

— Low-Power Static CPU Core 

— Two Independent UARTs each with 
an Integral Baud Rate Generator 

— Two 8-Bit Multiplexed I/O Ports 

— Programmable Interrupt Controller 

— Three Programmable 16-Bit 
Timer/Counters 

— Clock Generator 

— Ten Programmable Chip Selects with 
Integral Wait-State Generator 

— Memory Refresh Control Unit 

— System Level Testing Support (ONCE 
Mode) 


Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte I/O 


Speed Versions Available (5V): 
— 20 MHz (80C 186EB20/80C 188EB20) 
— 13 MHz (80C186EB13/80C 188EB 13) 


m Speed Versions Available (3V): 


— 13 MHz (80L186EB13/80L188EB 13) 
— 8 MHz (80L186EB8/80L 188EB8) 


Low-Power Operating Modes: 

— Idle Mode Freezes CPU Clocks but 
keeps Peripherals Active 

— Powerdown Mode Freezes All 
Internal Clocks 


Complete System Development 

Support 

— ASM86 Assembler, PL/M 86, C-86, 
and System Utilities 

— In-Circuit Emulator 


Supports 80C 187 Numeric Coprocessor 
Interface (80C186EB PLCC Only) 


Available In: 

— 80-Pin Quad Fiat Pack (QFP) 

— 84-Pin Plastic Leaded Chip Carrier 
(PLCC) 

— 80-Pin Shrink Quad Flat Pack (SQFP) 


The 80C186EB is a second generation CHMOS High-Integration microprocessor. It has features that are new 
to the 80C186 family and include a STATIC CPU core, an enhanced Chip Select decode unit, two independent 
Serial Channels, |/O ports, and the capability of Idle or Powerdown low power modes. 
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NOTE: 
Pin names in parentheses apply to the 80C188EB/80L188EB 


Figure 1. 80C186EB/80C 188EB Block Diagram 
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INTRODUCTION 


Unless specifically noted, all references to the 
80C186EB apply to the 80C188EB, 80L186EB, and 
80L188EB. References to pins that differ between 
the 80C186EB/80L186EB and the 80C188EB/ 
80L188EB are given in parentheses. The ‘‘L” in the 
part number denotes low voltage operation. Physi- 
cally and functionally, the “C” and “L’” devices are 
identical. 


The 80C186EB is the first product in a new genera- 
tion of low-power, high-integration microprocessors. 
It enhances the existing 186 family by offering new 
features and new operating modes. The 80C186EB 
is object code compatible with the 80C186XL/ 
80C188XL microprocessors. 


The 80L186EB is the 3V version of the 80C186EB. 
The 80L186EB is functionally . identical to the 
80C186EB embedded processor. Current 
80C186EB users can easily upgrade their designs to 
use the 80L186EB and benefit from the reduced 
power consumption inherent in 3V operation. 


The feature set of the 80C186EB meets the needs 
of low power, space critical applications. Low-Power 
applications benefit from the static design of the 
CPU core and the integrated peripherals as well as 
low voltage operation. Minimum current consump- 
tion is achieved by providing a Powerdown mode 
that halts operation of the device, and freezes the 
clock circuits. Peripheral design enhancements en- 
sure that non-initialized peripherals consume little 
current. 


Space critical applications benefit from the inte- 
gration of commonly used system peripherals. Two 
serial channels are provided for services such as 
diagnostics, inter-processor communication, modem 
interface, terminal display interface, and many oth- 
ers. A flexible chip select unit simplifies memory and 
peripheral interfacing. The interrupt unit provides 
sources for up to 129 external interrupts and will pri- 
-oritize these interrupts with those generated from 
the on-chip peripherals. Three general purpose tim- 
er/counters and sixteen multiplexed I/O port pins 
round out the feature set of the 80C186EB. 


Figure 1 shows a block diagram of the 80C186EB/ 
80C188EB. The Execution Unit (EU) is an enhanced 
8086 CPU core that includes: dedicated hardware to 
speed up effective address calculations, enhance 
execution speed for multiple-bit shift and rotate in- 
structions and for multiply and divide instructions, 
string move instructions that operate at full bus 
bandwidth, ten new instruction, and fully static oper- 
ation. The Bus Interface Unit (BIU) is the same as 
that found on the original 186 family products, ex- 


PRELIMINARY 


80C 186EB/80C 188EB, 80L186EB/80L188EB 


cept the queue status mode has been deleted and 
buffer interface control has been changed to ease 
system design timings. An independent internal bus 
is used to allow communication between the BIU 
and internal peripherals. 


CORE ARCHITECTURE 


Bus Interface Unit 


The 80C186EB core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 


The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information, and data (for write operations) in- 
formation. It is also responsible for reading data off 
the local bus during a read operation. A READY in- 
put pin is provided to extend a bus cycle beyond the 
minimum four states (clocks). 


The local bus controller also generates two control 
signals (DEN and DT/R) when interfacing to exter- 
nal transceiver chips. (Both DEN and DT/R are 
available on the PLCC devices, only DEN is avail- 
able on the QFP and SQFP devices.) This capability 
allows the addition of transceivers for simple buffer- 
ing of the multiplexed address/data bus. 


Clock Generator 


The processor provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter, and two low-power operating 
modes. . 


The oscillator circuit is designed to be used with ei- 
ther a parallel resonant fundamental or third-over- 
tone mode crystal network. Alternatively, the oscilla- 
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the oscillator circuit. 


The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter- 
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys- 
tem components. All AC timings are referenced to 
CLKOUT. 
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272433-3 
(A) Crystal Connection 
NOTE: 


The LC; network is only required when using a third- 
overtone crystal. 


External Clock Source CLKIN 


OSCOUT 


80C186EB 
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(B) Clock Connection 


Figure 2. Clock Configurations 


The following parameters are recommended when 
choosing a crystal: 


Temperature Range: Application Specific 


ESR (Equivalent Series Resistance): 402 max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
C,. (Load Capacitance): 20 pF + 2pF 
Drive Level: 1 mW max 


80C186EB PERIPHERAL 
ARCHITECTURE 


The 80C186EB has integrated several common sys- 
tem peripherals with a CPU core to create a com- 
pact, yet powerful system. The integrated peripher- 
als are designed to be flexible and provide logical 
interconnections between supporting units (e.g., the 
interrupt control unit supports interrupt requests 
from the timer/counters or serial channels). 


The list of integrated peripherals includes: 
e 7-Input Interrupt Control Unit 

e 3-Channel Timer/Counter Unit 

e@ 2-Channel Serial Communications Unit 
e 10-Output Chip-Select Unit 

e |/O Port Unit 

e Refresh Control Unit 

e Power Management Unit 


The registers associated with each integrated peri- 
heral are contained within a 128 x 16 register file 
called the Peripheral Control Block (PCB). The PCB 
can be located in either memory or |/O space on 
any 256 Byte address boundary. 
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Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary at the end 
of this specification individually lists all of the regis- 
ters and identifies each of their programming attri- 
butes. 


Interrupt Control Unit 


The 80C186EB can receive interrupts from a num- 
ber of sources, both internal and external. The inter- 
rupt control unit serves to merge these requests on 
a priority basis, for individual service by the CPU. 
Each interrupt source can be independently masked 
by the Interrupt Control Unit (ICU) or all interrupts 
can be globally masked by the CPU. 


Internal interrupt sources include the Timers and Se- 
rial channel 0. External interrupt sources come from 
the five input pins INT4:0. The NMI interrupt pin is 
not controlled by the ICU and is passed directly to 
the CPU. Although the Timer and Serial channel 
each have only one request input to the ICU, sepa- 
rate vector types are generated to service individual 
interrupts within the Timer and Serial channel units. 


Timer/Counter Unit 


The 80C186EB Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
control or clocking. A third timer is not connected to 
any external pins and can only be clocked internally. 
However, it can be used to clock the other two timer 
channels. The TCU can be used to count external 
events, time external events, generate non-repeti- 
tive waveforms, generate timed interrupts. etc. 
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PCB 
Offset 


End Of Interrupt 


Interrupt Mask 
OAH Priority Mask 
OCH 


In-Service 
Interrupt Request 
Interrupt Status 
Timer Control 
14H Serial Control 
INT4 Control 
INTO Control 
INT1 Control 
INT2 Control 
INT3 Control 


foe) 
x= 


A 
C 


os 


al, 
a 


Reserved 
Reserved 


Reserved 


Reserved 
Reserved 
2AH 
2CH 


Reserved 
Reserved 
Reserved 
TimerO Count 
TimerO Compare A 
TimerO Compare B 
TimerO Control 
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Timer1 Count 


wo|> 


3AH 
3CH 


imer1 Compare 


imeri Compare 


ti 


Timer1 Control 
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40H Timer2 Count 
42H | Timer2 Compare 


46H Timer2 Control 


54H PortO Control 


8 Port1 Direction 


SerialO Baud 


5CH 
E 
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6 SerialO Count 


64H 


pe 


Serial0 Control 
Serial0 Status 
H Serial0 RBUF 
H Serial0 TBUF 


Serial1 Baud 
74 Serial1 Control 
76H Serial1 Status 
Serial1 RBUF 
H Serial1 TBUF 
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PCB 


GCSO Start 
GCSO Stop 
GCS1 Start 
GCS1 Stop 
GCS2 Start 
GCS2 Stop 
GCS3 Start 
GCS3 Stop 
GCS4 Start 
GCS4 Stop 
GCS5 Start 
GCS5 Stop 
GCS6 Start 
GCS6 Stop 
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Figure 3. Peripheral Control Block Registers 


PCB 
Offset 


COH: 
C2H 
C4H 
C6H 
C8H 
CAH 
CCH 
CEH 
DOH 
D2H 
D4H 
D6H 
D8H 
DAH 
DCH 
DEH 
EOH 
E2H 
E4H 
E6H 
E8H 
EAH 
ECH 
EEM 
FOH 
F2H 
F4H 
F6H 
F8H 
FAH 
FCH 
FEH 


Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 


Reserved 


Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 


Reserved 
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Serial Communications Unit 


The Serial Control Unit (SCU) of the 80C186EB con- 
tains two independent channels. Each channel is 
identical in operation except that only channel 0 is 
supported by the integrated interrupt controller 
(channel 1 has an external interrupt pin). Each 
channel has its own baud rate generator that is in- 
dependent of the Timer/Counter Unit, and can be 
internally or externally clocked at up to one half the 
80C186EB operating frequency. 


Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an 8x baud clock to 
both the receive and transmit register logic. A 1x 
baud clock is provided in the synchronous mode. 


Chip-Select Unit 


The 80C186EB Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip- 
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait-states) 
into the current bus cycle and automatically termi- 
nate a bus cycle independent of the condition of the 
READY input pin. 


I/O Port Unit 


The I/O Port Unit.(IPU) on the 80C186EB supports 
two 8-bit channels of input, output, or input/output 
operation. Port 1 is multiplexed with the chip select 
pins and is output only. Most of Port 2 is multiplexed 
with the serial channel pins. Port 2 pins are limited to 
either an output or input function depending on the 
operation of the serial pin it is multiplexed with. 


Refresh Control Unit 


The Refresh Control Unit (RCU) automatically gen- 
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re- 
fresh requests. 
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A 12-bit address generator is maintained by the RCU 
and is presented on the A12:1 address lines during 
the refresh bus cycle. Address bits A19:13 are pro- 
grammable to allow the refresh address block to be 
located on any 8 Kbyte boundary. 


Power Management Unit 


The 80C186EB Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides three power modes: Ac- 
tive, Idle, and Powerdown. 


Active Mode indicates that all units on the 
80C186EB are functional and the device consumes 
maximum power (depending on the level of periph- 
eral operation). Idle Mode freezes the clocks of the 
Execution and Bus units at a logic zero state (all 
peripherals continue to operate normally). 


The Powerdown mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 
All internal registers hold their values provided Voc 
is maintained. Current consumption is reduced to 
just transistor junction leakage. 


80C 187 Interface (80C 186EB Only) 


The 80C186EB (PLCC package only) supports the 
direct connection of the 80C187 Numerics Coproc- 
essor. 


ONCE Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EB has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for “ON Circuit Emulation’. The 
ONCE mode is selected by forcing the A19/ONCE 
pin LOW (0) during a processor reset (this pin is 
weakly held to a HIGH (1) level) while RESIN is ac- 
tive. 
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PACKAGE INFORMATION 


This section describes the pins, pinouts, and thermal 
characteristics for the 80C186EB in the Plastic 
Leaded Chip Carrier (PLCC) package, Shrink Quad 
Flat Pack (SQFP), and Quad Flat Pack (QFP) pack- 
age. For complete package specifications and infor- 
mation, see the Intel Packaging Outlines and Dimen- 
sions Guide (Order Number: 231369). 


Prefix Identification 


With the extended temperature range, operational 
characteristics are guaranteed over the temperature 
range corresponding to — 40°C to +85°C ambient. 
Package types are identified by a two-letter prefix to 
the part number. The prefixes are listed in Table 1. 


Table 1. Prefix identification 
Temperature 


Package 
Type Type 


Extended 


Pin Descriptions 


Each pin or logical set of pins is described in Table 
3. There are three columns for each entry in the Pin 
Description Table. 


The Pin Name column contains a mnemonic that 
describes the pin function. Negation of the signal 
name (for example, RESIN) denotes a signal that is 
active low. 
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The Pin Type column contains two kinds of informa- 
tion. The first symbol indicates whether a pin is pow- 
er (P), ground (G), input only (I), output only (O) or 
input/output (I/O). Some pins have multiplexed 
functions (for example, A19/S6). Additional symbols 
indicate additional characteristics for each pin. Table 
2 lists all the possible symbols for this column. 


The Input Type column indicates the type of input 
(Asynchronous or Synchronous). 


Asynchronous pins require that setup and hold times 
be met only in order to guarantee recognition at a 
particular clock edge. Synchronous pins require that 
setup and hold times be met to guarantee proper 
operation. For example, missing the setup or hold 
time for the SRDY pin (a synchronous input) will re- 
sult in a system failure or lockup. Input pins may also 
be edge- or level-sensitive. The possible character- 
istics for input pins are S(E), S(L), A(E) and A(L). 


The Output States column indicates the output 
state as a function of the device operating mode. 
Output states are dependent upon the current activi- 
ty of the processor. There are four operational 
states that are different from regular operation: bus 
hold, reset, Idle Mode and Powerdown Mode. Ap- 
propriate characteristics for these states are also in- 
dicated in this column, with the legend for all possi- 
ble characteristics in Table 2. 


The Pin Description column contains a text de- 
scription of each pin. 


As an example, consider AD15:0. 1/O signifies the 
pins are bidirectional. S(L) signifies that the input 
function is synchronous and level-sensitive. H(Z) 
signifies that, as outputs, the pins are high-imped- 
ance upon acknowledgement of bus hold. R(Z) sig- 
nifies that the pins float during reset. P(X) signifies 
that the pins retain their states during Powerdown 
Mode. 
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Table 2. Pin Description Nomenclature 


Power Pin (Apply + Vcc Voltage) 
Ground (Connect to Vss) 

Input Only Pin 

Output Only Pin 

Input/Output Pin 


Synchronous, Edge Sensitive 
Synchronous, Level Sensitive 
Asynchronous, Edge Sensitive 
Asynchronous, Level Sensitive 


Output Driven to Voc during Bus Hold 

Output Driven to Vss during Bus Hold 

Output Floats during Bus Hold 

Output Remains Active during Bus Hold 
Output Retains Current State during Bus Hold 


Output Weakly Held at Vcc during Reset 
Output Driven to Voc during Reset 

Output Driven to Vss during Reset 

Output Floats during Reset 

Output Remains Active during Reset 
Output Retains Current State during Reset 


Output Driven to Voc during Idle Mode 

Output Driven to Vss during Idle Mode 

Output Floats during Idle Mode 

Output Remains Active during Idle Mode 
Output Retains Current State during Idle Mode 


Output Driven to Vcc during Powerdown Mode 

Output Driven to Vss during Powerdown Mode 

Output Floats during Powerdown Mode 

Output Remains Active during Powerdown Mode 
Output Retains Current State during Powerdown Mode 
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Table 3. Pin Descriptions 


POWER connections consist of four pins which must be 
shorted externally to a Vcc board plane. 
GROUND connections consist of six pins which must be 
shorted externally to a Vss board plane. 


CLockK INput is an input for an external clock. An external 
oscillator operating at two times the required processor 
operating frequency can be connected to CLKIN. For crystal 
operation, CLKIN (along with OSCOUT) are the crystal 
connections to an internal Pierce oscillator. 


OSCillator OUTput is only used when using a crystal to 
generate the external clock. OSCOUT (along with CLKIN) 
are the crystal connections to an internal Pierce oscillator. 
This pin is not to be used as 2X clock output for non-crystal 
applications (i.e., this pin is N.C. for non-crystal applications). 
OSCOUT does not float in ONCE mode. 


CLocK OUTput provides a timing reference for inputs and 
outputs of the processor, and is one-half the input clock 
(CLKIN) frequency. CLKOUT has a 50% duty cycle and 
transistions every falling edge of CLKIN. 


RESet IN causes the processor to immediately terminate 
any bus cycle in progress and assume an initialized state. All 


pins will be driven to a known state, and RESOUT will also 
be driven active. The rising edge (low-to-high) transition 
synchronizes CLKOUT with CLKIN before the processor 
begins fetching opcodes at memory location OFFFFOH. 


H(0) RESet OUTput that indicates the processor is currently in 
R(1) the reset state. RESOUT will remain active as long as RESIN 
P(0) remains active. 


H(WH) | Power-Down TiMeR pin (normally connected to an external 
R(Z) capacitor) that determines the amount of time the processor 
P(1) waits after an exit from power down before resuming normal 

operation. The duration of time required will depend on the 
startup characteristics of the crystal oscillator. 


—A(E) Non-Maskable Interrupt input causes a TYPE-2 interrupt to 
be serviced by the CPU. NMI is latched internally. 


A(E) TEST is used during the execution of the WAIT instruction to 
suspend CPU operation until the pin is sampled active 
(LOW). TEST is alternately known as BUSY when interfacing 
with an 80C187 numerics coprocessor (80C186EB only). 


: 1/O S(L) These pins provide a multiplexed Address and Data bus. 
(AD7:0) During the address phase of the bus cycle, address bits 0 
through 15 (0 through 7 on the 80C188EB) are presented on 
the bus and can be latched using ALE. 8- or 16-bit data 
information is transferred during the data phase of the bus 


cycle. 


NOTE: 
Pin names in parentheses apply to the 80C188EB/80L188EB. 
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Table 3. Pin Descriptions (Continued) 


A18:16 These pins provide multiplexed Address during the address 

A19/ONCE phase of the bus cycle. Address bits 16 through 19 are presented 

(A15:A8) on these pins and can be latched using ALE. These pins are 

(A18:16) driven to a logic 0 during the data phase of the bus cycle. On the 

(A19/ONCE) 80C188EB, A15-A8 provide valid address information for the 
entire bus cycle. During a processor reset (RESIN active), A19/ 
ONCE is used to enable ONCE mode. A18:16 must not be driven 
low during reset or improper operation may result. 


H(Z) | Bus cycle Status are encoded on these pins to provide bus 
R(Z) | transaction information. S2:0 are encoded as follows: 


A) [s2[ si [56] Buscycle initiated 
01,010 


Interrupt Acknowledge 
Read I/O 

Write I/O 

Processor HALT 

Queue Instruction Fetch 
Read Memory 

Write Memory 

Passive (no bus activity) 


Address Latch Enable output is used to strobe address 
information into a transparent type latch during the address phase 
of the bus cycle. 


Byte High Enable output to indicate that the bus cycle in 
progress is transferring data over the upper half of the data bus. 
BHE and AO have the following logical encoding 


|Ao| BHE | Encoding (for the 80C186EB/80L186EB only) 


Word Transfer 


0 0 

0 1 Even Byte Transfer 
1 0 Odd Byte Transfer 
1 1 Refresh Operation 


On the 80C188EB/80L188EB, RFSH is asserted low to indicate a 
refresh bus cycle. . 


ReaD output signals that the accessed memory or |/O device 
must drive data information onto the data bus. 


WRite output signals that data available on the data bus are to be 
written into the accessed memory or |/O device. _ 


READY input to signal the completion of a bus cycle. READY 
must be active to terminate any bus cycle, unless it is ignored by 
correctly programming the Chip-Select Unit. 


Data ENable output to control the enable of bi-directional 
transceivers in a buffered system. DEN is active only when data is 
to be transferred on the bus. 


NOTE: 
Pin names in parentheses apply to the 80C188EB/80L188EB. 
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Table 3. Pin Descriptions (Continued) 
Pin input Output ne 
a FT ee ee oe 
DT/R H(Z) Data Transmit/Receive output controls the direction of a 
R(Z) 
P(X) 


bi-directional buffer in a buffered system. DT/R is only 
available for the PLCC package. 

z Bee 

“ = 2 we 


HLDA H(1) 
R(0) 
P(0) 


LOCK output indicates that the bus cycle in progress is not 
to be interrupted. The processor will not service other bus 
requests (such as HOLD) while LOCK is active. This pin is 
configured as a weakly held high input while ‘aide is 
active and must not be driven low. 


HOLD request input to signal that an external bus master 
wishes to gain control of the local bus. The processor will 
relinquish control of the local bus between instruction 

boundaries not conditioned by a LOCK prefix. 


HoLD Acknowledge output to indicate that the processor 
has relinquished control of the local bus. When HLDA is 
asserted, the processor will (or has) floated its data bus 
and control signals allowing another bus master to drive the 
signals directly. 


Numerics Coprocessor Select output is generated when 
accessing a numerics coprocessor. NCS is not provided on 
the QFP or SQFP packages. This signal does not exist on 
the 80C188EB/80L188EB. 


ERROR input that indicates the last numerics coprocessor 
operation resulted in an exception condition. An interrupt 
TYPE 16 is generated if ERROR is sampled active at the 
beginning of a numerics operation. ERROR is not provided 
on the QFP or SQFP packages. This signal does not exist 
on the 80C188EB/80L188EB. 


CoProcessor REQuest signals that a data transfer 
between an External Numerics Coprocessor and Memory is 
pending. PEREQ is not provided on the QFP or SQFP 

packages. This signal does not exist on the 80C188EB/ 


PEREQ A(L) 
(N.C.) 
80L188EB. 
UCS H(1) Upper Chip Select will go active whenever the address of 
R(1) a memory or I/O bus cycle is within the address limitations 
P(1) programmed by the user. After reset, UCS is configured to 
be active for memory accesses between OFFCOOH and 


OFFFFFH. 
[Cs H(1) 
R(1) 
P(1) 


Lower Chip Select will go active whenever the address of 
a memory bus cycle is within the address limitations 
programmed by the user. LCS is inactive after a reset. 


P1.0/GCSO H(X)/H(1) | These pins provide a multiplexed function. If enabled, each 
P1.1/GCS1 R(1) pin can provide a Generic Chip Select output which will go 
P1.2/GCS2 P(X)/P(1) | active whenever the address of a memory or I/O bus cycle 


is within the address limitations programmed by the user. 

When not programmed as a Chip-Select, each pin may be 
used as a general purpose output Port. As an output port 

_ pin, the value of the pin can be read internally. 


P1.3/GCS3 


P1.4/GCS4 
P1.5/GCS5 
P1.6/GCS6 
P1.7/GCS7 


NOTE: 
Pin names in parentheses apply to the 80C188EB/80L188EB. 
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_ Table 3. Pin Descriptions (Continued) 

Pin Pin Input Output bite | 
TOOUT H(Q) Timer OUTput pins can be programmed to provide a 
T10UT R(1) single clock or continuous waveform generation, 

P(Q) depending on the timer mode selected. 
Timer INput is used either as clock or control signals, 
depending on the timer mode selected. 


Maskable INTerrupt input will cause a vector to a 
specific Type interrupt routine. To allow interrupt 
expansion, INTO and/or INT1 can be used with 
INTAO and INTA1 to interface with an external slave 
controller. 


INT2/INTAO 
INT3/INTA1 


These pins provide a multiplexed function. As inputs, 
they provide a maskable INTerrupt that will cause 
the CPU to vector to a specific Type interrupt routine. 
As outputs, each is programmatically controlled to 
provide an INTERRUPT ACKNOWLEDGE 
handshake signal to allow interrupt expansion. 


BI-DIRECTIONAL, open-drain Port pins. 


Clear-To-Send input is used to prevent the 
transmission of serial data on their respective TXD 
signal pin. CTS1 is multiplexed with an input only port 
function. 


H(X)/H(Q) 
R(1) 
P(X)/P(Q) 


Transmit Data output provides serial data 
information. TXD1 is multiplexed with an output only 
Port function. During synchronous serial 

communications, TXD will function as a clock output. 


TXDO 
P2.1/TXD1 
RXDO Vie) A(L) R(Z) 
P2.0/RXD1 H(Q) 
| P(X) 


P2.5/BCLKO 
P2.2/BCLK1 


Receive Data input accepts serial data information. 
RXD1 is multiplexed with an input only Port function. 
During synchronous serial communications, RXD is 
bi-directional and will become an output for 
transmission or data (TXD becomes the clock). 


Baud CLockK input can be used as an alternate clock 
source for each of the integrated serial channels. 

BCLKx is multiplexed with an input only Port function, 
and cannot exceed a clock rate greater than one-half 
the operating frequency of the processor. 


P2.3/SINT1 H(X)/H(Q) 
R(0) 


P(X)/P(Q) 


Serial INTerrupt output will go active to indicate 
serial channel 1 requires service. SINT1 is 
multiplexed with an output only Port function. 


NOTE: 
Pin names in parentheses apply to the 80C188EB/80L188EB. 


2-144 . PRELIMINARY 


intel. 


80C186EB PINOUT 


Tables 4 and 5 list the 80C186EB/80C188EB pin 
names with package location for the 84-pin Plastic 
Leaded Chip Carrier (PLCC) component. Figure 5 
depicts the complete 80C186EB/80C188EB pinout 
(PLCC package) as viewed from the top side of the 
component (i.e., contacts facing down). 


80C 186EB/80C188EB, 80L186EB/80L188EB 


Tables 6 and 7 list the 80C186EB/80C188EB pin 
names with package location for the 80-pin Quad 
Flat Pack (QFP) component. Figure 6 depicts the 
complete 80C186EB/80C188EB (QFP package) as 
viewed from the top side of the component (i.e., con- 
tacts facing down). 


Tables 8 and 9 list the 80186EB/80188EB pin 
names with package location for the 80-pin Shrink 
Quad Flat Pack (SQFP) component. Figure 7 depicts 
the complete 80C186EB/80C188EB (SQFP pack- 
age) as viewed from the top side of the component | 
(i.e., contacts facing down). 


Table 4. PLCC Pin Names with Package Location 


Bus Control 
Name | Location 


Address/Data Bus 


Processor Control 


|_Name | Location | 
ADO 


AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

AD8 (A8) 
AD9 (AQ) 
AD10 (A10) 
AD11 (A11) 
AD12 (A12) 
AD13 (A13) 
AD14 (A14) 
AD15 (A15) 
A16 

A17 

A18 
A19/ONCE 


2, 22, 43 
63, 65, 84 
1,23 
42, 64 


NOTE: 


Pin names in parentheses apply to the 80C188EB/80L188EB. 
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wna | Location 
UCS | 


OSCOUT 
CLKOUT 


TEST/BUSY 


NCS (N.C.) 
PEREQ (N.C.) 
ERROR (N.C.) 


INT3/INTA1 


INT4 P2.5/BCLKO 


CTSO 


P2.0/RXD1 
P2.1/TXD1 
P2.2/BCLK1 
P2.3/SINT1 
P2.4/CTS1 


P2.6 
P27 
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1 
2 
3 
4 
5 
6 
- 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 


NM PO 
— © 


NOTE: 


Pin names in parentheses apply to the 80C188EB/80L188EB. 
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P1.7/GCS7 
P1.6/GCS6 
P1.5/GCS5 


Table 5. PLCC Package Locations with Pin Name 


22 


Vss 
Vcc 
P1.4/GCS4 
P1.3/GCS3 
P1.2/GCS2 
P1.1/GCS1 
P1.0/GCSO 
LCs 
UCS 


| INTO 


INT1 
INT2/INTAO 
INT3/INTAT 
INT4 

PDTMR 
RESIN 
RESOUT 
PEREQ (N.C.) 
OSCOUT 
CLKIN 


Voc 


Vss 
CLKOUT 
TOOUT 
TOIN 
T1OUT 
T1IN 
P2.7 
P2.6 
CTSO 
TXDO 
RXDO 


43 


P2.3/SINT1 
P2.4/CTS1 
P2.0/RXD1 
P2.1/TXD1 
P2.2/BCLK1 
NCS (N.C.) 
ADO 

AD8 (A8) 
Vss 


P2.5/BCLKO | 


intel. 


64 


Véc 

Vss 

AD1 

AD9 (AQ) - 
AD2 

AD10 (A10) 
AD3 

AD11 (A11) 
AD4 

AD12 (A12) 
AD5 

AD13 (A13) 
AD6 

AD14 (A14) 
AD7 

AD15 (A15) 
A16 

A17 

A18 
A19/ONCE 


Vss 
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TJ A19/0NCE 
PJ AD15 (A15) 
TJ AD14 (A14) 
TJ AD13 (A13) 


~ [EI BHE (RFSH) 


co 
w 
| 
| 
—N 


HLDA 
HOLD 
TEST/BUSY 
LOCK 

DT/R 

NMI 

READY 
P1.7/GCS7 
P1.6/GCS6 
P1.5/GCS5 


ADS 

AD12 (A12) 
AD4 

AD11 (A11) 
AD3 

AD10 (A10) 
AD2 

AD9 (A9) 


TN80C 186EB20 
XXXXXXXXD (See Note) 


I® ©'78 '82 


P1.4/GCS4 
P1.3/G6CS3 
P1.2/GCS2 
P1.1/GCS1 
P1.0/GCSO 
tcs 
ucs 
INTO 
INT 1 


3 P2.2/BCLK1 
TI P2.1/TXD1 
PJ P2.0/RXD1 
[1P2.4/CTS1 
TJ} P2.3/SINT1 
7 P2.5/BCLKO 


WG 
w 
> 
> 


INT2/INTAO 
INT3/INTA1E2 
RESOUT LJ 
OSCOUT LJ 
CLKOUT Lu 
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NOTE: 
This is the FPO number location (indicated by X’s). 
Pin names in parentheses apply to the 80C188EB/80L188EB. 


Figure 4. 84-Pin Plastic Leaded Chip Carrier Pinout Diagram 
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Address/Data Bus 


|_Name | Location 
ADO 


AD1 
AD2 
AD3 
AD4 
AD5 
AD6 
AD7 
AD8 (A8) 

- ADS (AQ) 
AD10 (A10) 
AD11 (A11) 
AD12 (A12) 
AD13 (A13) 
AD14 (A14) 
AD15 (A15) 
A16 
A17 
A18 
A19/ONCE 


NOTE: 


Pin names in parentheses apply to the 80C188EB/80L188EB. 
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12, 14, 33 
35, 53, 73 
13, 34 
54, 72 


Table 6. QFP Pin Name with Package Location 


Bus Control 
| Name | Location 


Processor Control 
Name | Location 


INT2/INTAO 
INT3/INTA1 
INT4 


intel. 


UCS 


P1.0/GCSO 
P1.1/GCS1 
P1.2/GCS2 
P1.3/GCS3 
P1.4/GCS4 
P1.5/GCS5 
P1.6/GCS6 
P1.7/GCS7 
TOOUT 
TOIN 
T10UT 
T1IN 

RXDO 
TXDO 
P2.5/BCLKO 
CTSO 
P2.0/RXD1 ~ 
P2.1/TXD1 
P2.2/BCLK1 
P2.3/SINT1 
P2.4/CTS1 


P2.6 
P2.7 
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| Tabie 7. QFP Package Location with Pin Names 


41 61 UCS 


| Name 


21 


1 CTSO AD4 
2 TXDO 22 AD12 (A12) INTO 
3 RXDO AD5 INT1 7 
4 P2.5/BCLKO AD13 (A13) INT2/INTAO 
5 P2.3/SINT1 AD6 INT3/INTA1 
6 P2.4/CTS1 AD14 (A14) INT4 
7 P2.0/RXD1 AD7 PDTMR 
8 P2.1/TXD1 AD15 (A15) RESIN 
P2.2/BCLK1 A16 RESOUT 
ADO A17 OSCOUT 
AD8 (A8) A18 CLKIN 
Vss A19/ONCE Voc 
Voc Vss Vss 
Vss Voc CLKOUT 
AD1 Vss TOOUT 
AD9 (AQ) RD TOIN 
AD2 WR T1OUT 
AD10 (A10) ALE T1IN 
AD3 BHE (RFSH) P2.7 


AD11 (A11) $2 P2.6 


NOTE: 
Pin names in parentheses apply to the 80C188EB/80L188EB. 
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PJ INT2/INTAO 


TJ P1.0/GCSO 


1P1.1/GCS1 


TIP 1.2/GCS2 


TJ P1.3/GCS3 


TIP 1.4/GCS4 


P1.6/GCS6 
JP 1.7/GCS7 


r3P1.5/GCS5 
or 


> 
ul 
ur 
uo 
ur 
un 
uo 
nN 
uo 


INT3/INTA1 CJ : [1 S2 
INT4 BHE (RFSH) 
PDTMR ALE 
RESIN WR 
RESOUT RD 
OSCOUT 
CLKIN 


Vss 
Vec 


Vss 
A19/ONCE 


A18 
A17 
A16 
AD15 (A15) 
AD7 
AD14 (A14) 
AD6 


® TS80C186EB20 
i XXXXXXXXD (See Note) 


CLKOUT 
TOOUT 
TOIN 
T10UT 
T1IN 
P2.7 
P2.6 


INTEL® © 1978 
10 1112 13 14 15 


oa 
oo 
N 
No 
nN 


P2.5/BCLKO [y+ 
P2.3/SINTILJ™ 
P2.4/CTS1L] > 
P2.0/RXD1 [J~ 
P2.1/TXD1 CJ @ 

P2.2/BCLK1 [J «© 

(A9) ADS 

(A10) AD1O 
(A11) AD1I1E0 

(A12) AD1I2E0 

(A13) ADIZ 


272433-6 


NOTE: 
This is the FPO number location (indicated by X’s). 
Pin names in parentheses apply to the 80C188EB/80L188EB. 


Figure 5. Quad Flat Pack Pinout Diagram 
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Table 8. SQFP Pin Functions with Location 


I 
ALE RESIN # | 25 
BHE # (RFSH#) RESOUT 
SO # CLKIN 


UCS# 
LCS# 


Si# OSCOUT P1.0/GCSO0 # 
S2# CLKOUT P1.1/GCS1 # 
RD# TEST #/BUSY P1.2/GCS2# 
WR# NMI P1.3/GCS3 # 
AD7 READY INTO P1.4/GCS4# 
AD8 (A8) DEN # INT 1 : P1.5/GCS5 # 
AD9 (A9) LOCK # INT2/INTAO # P1.6/GCS6 # 


AD10 (A10) 
AD11 (A11) 


HOLD INT3/INTA1 # 
HLDA INT4 


P1.7/GCS7 # 


AD12 (A12) PDTMR P2.0/RXD1 
AD13 (A13) ) P2.1/TXD1 
AD14 (A14) P2.2/BCLK1 
AD15 (A15) P2.3/SINT1 
A16 P2.4/CTS1# 
A17 P2.5/BCLKO 
A18 P2.6 


A19/ONCE P2.7 


CTSO# 
TXDO 
RXDO 


TOIN 
T1IN 
TOOUT 


HLDA 

HOLD 
TEST # 
LOCK # 

NMI 

READY 
P1.7/GCS7 # 
P1.6/GCS6# 
P1.5/GCS5# 
Vss 

Voc 
P1.4/GCS4# 
P1.3/GCS3 # 
P1.2/GCS2# 
P1.1/GCS1 # 
P1.0/GCS0O# 
LCS# 

UCS# 

INTO 

INT1 


INT1/INTAO # P2.5/BCLKO AD13 (A13) 
INTS/INTA1 # P2.3/SINT1 AD6 : 
INT4 P2.4/CTS1# AD14 (A14) 
PDTMR ~ P2.0/RXD1 AD7 

RESIN # P2.1/TXD1 AD15 (A15) 
RESOUT P2.2/BCLK1 A16 
OSCOUT ADO A17 

CLKIN AD8 (A8) A18 

Voc Vss A19/ONCE 
Vss Vcc Vss 
CLKOUT Vss Voc 
TOOUT AD1 Vss 

TOIN AD9 (AQ) RD# 
T1OUT AD2 WR# 

T1IN AD10 (A10) ALE 

P27 AD3 BHE# (RFSH#) 
P2.6 ; AD11 (A11) S2# 
CTSO# AD4 Si# 

TXDO AD12 (A12) SO # 

RXDO AD5 DEN# 


1 
2 
3 
4 
5 
6 
7 
8 
9 


NOTE: 
Pin names in parentheses apply to the 80C188EB/80L188EB. 
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P2.5/BLCKO 
P2.3/SINT1 
P2.4/CTS1 
P2.0/RXD1 
P2.1/TXD1 
P2.2/BLCK1 
ADO 

(A8) AD8 


AD1 

(A9) ADS 
AD2 

(A10) AD10 
AD3 

(A11) AD11 
AD4 

(A12) AD12 
ADS 


NOTE: 


o 


(A13) ADI3 E 


mn 


(A14) ADI4eEe 


to) 


(A15) ADDIS 


XXXXXXXXC indicates Intel FPO number. 


LJ CLKOUT 


GW 


B C186EB20 
XXXXXXXXD 
(See Note) 


J OSCOUT 
LJ RESOUT 


tS 


nS 


™~ 
a 


PJ iNT3/INTA1 
Pa INT2/INTAO 


Nh 


i) 


INT 1 
INTO 
uCcSs 
Lcs 
P1.0/GCSO 
P1.1/GCS1 
P1.2/GCS2 
P1.3/GCS3 
P1.4/GCS4 


P1.5/GCS5 
P1.6/GCS6 
P1.7/GCS7 
READY 

NMI 

LOCK 

TEST 

HOLD 

HLDA 
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Pin names in parentheses apply to the 80C188EB/80L188EB. 
Figure 6. SQFP Package 
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PACKAGE THERMAL 
SPECIFICATIONS 


The 80C186EB/80L186EB is specified for operation 
when Tc (the case temperature) is within the range 
of — 40°C to + 100°C (PLCC package) or — 40°C to 
+114°C (QFP package). Tc may be measured in 
any environment to determine whether the proces- 
sor is within the specified operating range. The case 
temperature must be measured at the center of the 
top surface. 


80C 186EB/80C 188EB, 80L186EB/80L188EB 


Ta (the ambient temperature) can be calculated 
from Oca (thermal resistance from the case to ambi- 
ent) with the following equation: } 


Ta = Te — P*Oca 


Typical values for @c, at various airflows are given 
in Table 10. P (the maximum power consumption, 
specified in watts) is calculated by using the maxi- 
mum ICC as tabulated in the DC specifications and 
Voc of 5.5V. 


Table 10. Thermal Resistance (9c,) at Various Airflows (in °C/Watt) 


Oca (PLCC) 
9ca (QFP) 


PRELIMINARY 


Airflow Linear ft/min (m/sec) 


(2.03) 
TBD 


(3.04) | (4.06) | (5.07) 
ro |e | 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 


Storage Temperature .......... — 65°C to + 150°C 
Case Temp under Bias ......... — 65°C to + 120°C 
Supply Voltage 

with Respect to Vss........... —0.5V to + 6.5V 
Voltage on other Pins 

with Respect to Vss ...... —0.5V to Voc + 0.5V 


Recommended Connections 


Power and ground connections must be made to 
multiple Vcc and Vss pins. Every 80C186EB-based 
circuit board should include separate power (Vcc) 
and ground (Vss) planes. Every Vcc pin must be 
connected to the power plane, and every Vss pin 
must be connected to the ground plane. Pins identi- 
fied as “NC” must not be connected in the system. 
Liberal decoupling capacitance should be placed 
near the processor. The processor can cause tran- 
sient power surges when its output buffers tran- 
sition, particularly when connected to large capaci- 
tive loads. 
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NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. It is valid for 
the devices indicated in the revision history. The 
specifications are subject to change without notice. 


*WARNING: Stressing the device beyond the “‘Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance is reduced by placing the de- 
coupling capacitors as close as possible to the proc- 
essor Vcc and Vss package pins. 


Always connect any unused input to an appropriate 
signal level. In particular, unused interrupt inputs 
(INT0:4) should be connected to Vcc through a pull- 
up resistor (in the range of 50 KN). Leave any un- 
used output pin or any NC pin unconnected. 
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DC SPECIFICATIONS (80C186EB/80C 188EB) 


[Mex 
Supply Voltage BP Gees 


Input Low Voltage 


Input Hysterisis on RESIN 


Input Leakage Current for Pins: 
AD15:0 (AD7:0), READY, 
HOLD, RESIN, CLKIN, TEST, 
NMI, INT4:0, TOIN, T1IN, 
RXDO, BCLKO, CTSO, RXD1, 
BCLK1, CTS1, P2.6, P2.7 


ILi2 Input Leakage Current for Pins: + 0.275 £7 mA OV < Vin < Voc 
ERROR, PEREQ 
lug Input Leakage Current for Pins: =—0.2/75 ~5.0 mA Vin = 0.7 Voc (Note 1) 
A19/ONCE, A18:16, LOCK © | 
ILo Output Leakage Current 15 pA 0.45 < Vout < Vcc 
(Note 2) 
loc Supply Current Cold (RESET) 
108 mA (Note 3) 


80C186EB20 
(Note 3) 


80C186EB13 


lip Supply Current Idle 
80C186EB20 76 mA (Note 4) 


48 
80C186EB20 100 pA (Note 5) 
Tom [weputPincapactancs | 0 [ 16 | pF [Te-am 
[Cour | OutputPinCapactancs | 0 


NOTES: 

1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 

2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 

3. Measured with the device in RESET and at worst case frequency, Voc, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 

4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vcc, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Voc or GND. 

5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Voc, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 

6. Output Capacitance is the capacitive load of a floating output pin. 
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DC SPECIFICATIONS (80L186EB/80L188EB) 


[Parameter «| Min | Max 
[supphy Votes Sd? Ce | 
03 Veo _ 

Tos [Woo + 05 


lo. = 1.6 mA (Min) (Note 1) 


[Symbol 
ogi 


C 

| 

| 

. 


lL Input Leakage Current for pins: £15 wA |0V < Vin < Voc 
AD15:0 (AD7:0), READY, HOLD, 
RESIN, CLKIN, TEST, NMI, 
INT4:0, TOIN, T1IN, RXDO, 
BCLKO, CTSO, RXD1, BCLK1, 
CTS1, SINT1, P2.6, P2.7 


lLi2 Input Leakage Current for Pins: —O.270 Vin = 0.7 Voc (Note 2) 
A19/ONCE, A18:16, LOCK 
m 
m 
m 
m 
m 
m 
m 
m 
pL 
bh 
vy 
pL 


= 
> 


Output Leakage Current 0.45 < Vout < Vcc (Note 3) 


locs Supply Current (RESET, 5.5V) 


80L186EB13 
80L186EB8 


#13 


(Note 4) 
(Note 4) 


(Note 4) 
(Note 4) 


(Note 5) 
(Note 5) 


(Note 5) 
(Note 5) 


(Note 6) 
(Note 6) 


(Note 6) 
(Note 6) 


15 | pF |Te=1MHz 
| pF | Te = 1 MHz (Note 7) 


A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
pF 
pF 


= i) — NO Op N © _N 
on © an — © Nm OD oO 


Supply Current (RESET, 2.7V) 
80L186EB13 
lips Supply Current Idle (2.7V) 
80L186EB13 
80L186EB8 
Supply Current Powerdown (5.5V) 
80L186EB13 
80L186EB8 
Supply Current Powerdown (2.7V) 
80L186EB13 
1. lo. and lon measured at Voc = 2.7V. 
2. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 
3. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
4. Measured with the device in RESET and at worst case frequency, Vcc, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Voc or GND. 
5. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Voc, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Voc or GND. 


80L186EB8 
Supply Current Idle (5.5V) 
IPp3 
80L186EB8 
Input Pin Capacitance 
6. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Voc, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Voc or GND. | 


80L186EB13 
Output Pin Capacitance 
7. Output Capacitance is the capacitive load of a floating output pin. 


80L186EB8 
NOTES: 
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Icc VERSUS FREQUENCY AND VOLTAGE 


The current (Icc) consumption of the processor is 
essentially composed of two components; Ipp and 


Iccs- 


Ipp is the quiescent current that represents internal 
device leakage, and is measured with all inputs or 
floating outputs at GND or Vcc (no clock applied to 
the device). Ipp is equal to the Powerdown current 
and is typically less than 50 pA. 


Iccs is the switching current used to charge and 
discharge parasitic device capacitance when chang- 
ing logic levels. Since Iccs is typically much greater 
than Ipp, Ipp can often be ignored when calculating 


loc. 
Iccs is related to the voltage and frequency at which 
the device is operating. It is given by the formula: 
Power = V X | = V2 X Cpgy X f 
.. | = Ioc = Iocs = V X Coey X f 
Where: V = Device operating voltage (Vcc) 
Cpev = Device capacitance 
f = Device operating frequency 
locs = Icc = Device current 


Measuring Cpgy on a device like the 80C186EB 
would be difficult. Instead, Cpgy is calculated using 
the above formula by measuring Icc at a known Vcc 
and frequency (see Table 11). Using this Cpgy val- 
ue, Icc can be calculated at any voltage and fre- 
quency within the specified operating range. 


EXAMPLE: Calculate ithe typical Icc when operating 
at 10 MHz, 4.8V. 


loc = Iocs = 4.8 X 0.583 x 10 = 28 mA 


80C 186EB/80C 188EB, 80L186EB/80L188EB 


PDTMR PIN DELAY CALCULATION 


The PDTMR pin provides a delay between the as- 
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown. A delay is required 
only when using the on-chip oscillator to allow the 
crystal or resonator circuit time to stabilize. 


NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e., a device reset during Pow- 
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabi- 
lized). 


To calculate the value of capacitor required to pro- 
vide a desired delay, use the equation: 


440 X t= Cpp (SV, 25°C) 
Where: t = desired delay in seconds 


Cpp = capacitive load on PDTMR in mi- 
crofarads 


EXAMPLE: To get a delay of 300 us, a capacitor 
value of Cpp = 440 x (300 X 10—§) = 0.132 pF is 
required. Round up to standard (available) capaci- 
tive values. 


NOTE: 
The above equation applies to delay times greater 
than 10 ws and will compute the TYPICAL capaci- 
tance needed to achieve the desired delay. A delay 
variance of +50% or —25% can occur due to 
temperature, voltage, and device process ex- 
tremes. In general, higher Vcc and/or lower tem- 
perature will decrease delay time, while lower Voc 
and/or higher temperature will increase delay time. 


Table 11. Device Capacitance (Cp¢y) Values 


[typ | Max 
C102 | mavemie | te 


+ 
Cpev (Device in Reset) | 0.583 | 


| Units | Notes 


Cpev (Device in Idle) 0.408 | 0.682 | mA/V*MHz | 1,2 


1. Max Cpgy is calculated at —40°C, all floating outputs driven to Voc or GND, and all 
outputs loaded to 50 pF (including CLKOUT and OSCOUT). 

2. Typical Cpg¢y is calculated at 25°C with all outputs loaded to 50 pF except CLKOUT and 
OSCOUT, which are not loaded. 
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AC SPECIFICATIONS 


AC Characteristics—80C 186EB20/80C186EB13 


ee ee 


INPUT CLOCK 


CLKIN Frequency 
CLKIN Period 
CLKIN High Time 
CLKIN Low Time 
CLKIN Rise Time 
CLKIN Fall Time 


CLKIN to CLKOUT Delay 
CLKOUT Period 
CLKOUT High Time 
CLKOUT Low Time 
CLKOUT Rise Time 
CLKOUT Fall Time 


ALE, S2:0, DEN, DT/R, 


BHE (RFSH), LOCK, 


BHE (RFSH), DEN, 
LOCK, RESOUT, HLDA, 
TOOUT, T1OUT, A19:16 


RD, WR, GCS7:0, LCS, 
UCS, AD15:0 (AD7:0, 


, NCS, INTA1:0, 
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AC SPECIFICATIONS 


AC Characteristics—80C 186EB20/80C 186EB 13 (Continued) 


P t 


SYNCHRONOUS INPUTS 
TCHIS TEST, NMi, INT4:0, BCLK1:0, T1:0IN, 
READY, CTS1:0, P2.6, P2.7 


TEST: NMI, INT4:0, BCLK1:0, T1:01N, 


READY, CTS1:0 


AD15:0 (AD7:0), READY 
READY, AD15:0 (AD7:0) 
HOLD, PEREQ, ERROR 
HOLD, PEREQ, ERROR 


NOTES: 

1. See AC Timing Waveforms, for waveforms and definition. 

2. Measure at Vy for high time, Vj, for low time. 

3. Only required to guarantee Icoc. Maximum limits are bounded by Tc, TcH and Tcy. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 
6. See Figure 14 for rise and fall times. 

7. TcHovi applies to BHE (RFSH), LOCK and A19:16 only after a HOLD release. 
8. TcHove2 applies to RD and WR only after a HOLD release. 

9. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold are required for proper operation. 
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AC SPECIFICATIONS 


AC Characteristics—80L186EB13/80L 186EB8 


symoot | Parameter 


INPUT CLOCK 


CLKIN Frequency 
CLKIN Period 
CLKIN High Time 
CLKIN Low Time 
CLKIN Rise Time 
CLKIN Fall Time 


OUTPUT CLOCK 


_ CLKIN to CLKOUT Delay 
CLKOUT Period 
CLKOUT High Time 
CLKOUT Low Time 
CLKOUT Rise Time 
CLKOUT Fall Time 


ALE, $2:0, DEN, DT/R, 


BHE (RFSH), LOCK, 
A19:16 


INTA1:0, AD15:0 (AD7:0, 
A15:8) 


RD, WR, BHE (RFSH), 
DT/R, LOCK, S2:0, 
A19:16 
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AC SPECIFICATIONS 


AC Characteristics—80L186EB 13/80L186EB8 (Continued) 


ed 


SYNCHRONOUS INPUTS 


TcHIS TEST, NMI, INT4:0, BCLK1:0, T1:0IN, 
READY, CTS1:0, P2.6, P2.7 


TEST, NMI, INT4:0, T1:0IN, BCLK1:0, 
READY, CTS1:0 


| 20 


TCHIH 


READY, AD15:0 (AD7:0) 
HOLD 
HOLD 


NOTES: | 

1. See AC Timing Waveforms, for waveforms and definition. 
2. Measure at Vjy for high time, Vi for low time. ‘ 

3. Only required to guarantee Ioc. Maximum limits are bounded by Tc, Tou and Tc. 
4. Specified for a 50 pF load, see Figure 13 for capacitive derating information. 

5. Specified for a 50 pF load, see Figure 14 for rise and fall times outside 50 pF. 

6. See Figure 14 for rise and fall times. 
7 
8 
9 
1 


. TcHovi applies to BHE (RFSH), LOCK and A19:16 only after a HOLD release. 
. TcHove2 applies to RD and WR only after a HOLD release. 

. Setup and Hold are required to guarantee recognition. 

0. Setup and Hold are required for proper operation. 
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AC SPECIFICATIONS (Continued) 


Relative Timings (80C186EB20, 13/80L186EB13, 8) 


| Symbol | Parameter | Min’ =| Max | Units | Notes | 
| Tun | ALERsingtoALeFaling | T= 15 | fms 
| Tau | Address Validto ALE Falling | eT-t0 | 8 | ns | 
| Tour | Chip Selects Validto ALEFaling | YveT-10 | | ons | ot 
| Tax | AddressHoldtrom ALE Falling | YeT-10 | | ons | 
| Tum | ALEFalingtoWRFaling | veT-15 | | ns Tt 
| Tum | ALEFalingtoRDFaling | veT~15 | | ns tt 
| Twin | WARisingtoALERising | aT-t0 | | ons | 


| Tarr. | Address FloattoRDFaling | 0 
| Trurn | ADFalingtoRDRisng | e@m-5 | | ons | 2k 
| Twwa | WRFalingtoWARising | @n-5 | | ons | 2 
| Trnav | RDRisingtoAddressactve | T-15 | | ns | 
| Twuox | QutputDataHoldafterWRRising | T-15 | | ons | 
| Twuen | WRRisingtoChipSelectRising | YveT-10 | | ons | ot 
| Taney | RDRisingtoChipSelectRising | %T-10 | 

| Tee. | CSinactivetoTSactve | aT-10 | iis ae 


ONCE ActivetoRESINRising | = T | | ms | 3 | 
ONCE Hold from RESIN Rising 


NOTES: 

1. Assumes equal loading on both pins. 
2. Can be extended using wait states. 
3. Not tested 
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AC SPECIFICATIONS (Continued) 


Serial Port Mode 0 Timings (80C186EB20, 13/80L186EB13, 8) 


Cin 
Tux [1X0 Glock Low toGookvigh(a> 1) ——~it ates | ates ref 1 
Tux [0 Gock Low to Cock igh (n=1) «S35 | tas os | 
Tioa_[X0 Cock igh Cock Lowin> 1) [m= NT 8[@= T+ 5% 
Tver [FXO Output Data Setup to THO GockHighin> ) [w= HT —e5[ 
Taye [FXO Output Data Setup to TXO GockHighin= 1) | T-35 [ 
Tiox [FXO Output Oata Hold after THO Glock gh >] _2T—es | 
Tiiox [FXO Output Oata Hold after THO Glock High n= [| T= | 
Tiiaz [FXO Output Gata Float aferLastTX0 Olookigh_[ ‘| +20 
Tove [RXD Input Data Setupto TxD Clock High | T+ 20 


NOTES: 
1. See Figure 12 for waveforms. 
2. nis the value of the BxCMP register ignoring the ICLK Bit (i.e., ICLK = 0). 
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AC TEST CONDITIONS 


The AC specifications are tested with the 50 pF load 
shown in Figure 7. See the Derating Curves section 
to see how timings vary with load capacitance. 


Specifications are measured at the Vcc/2 crossing 
point, unless otherwise specified. See AC Timing 
Waveforms, for AC specification definitions, test 
pins, and illustrations. 


AC TIMING WAVEFORMS 


CLKOUT 


Figure 8. Input and Output Clock Waveform 
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PIN TS 


o 


272433-8 
C. = 50 pF for all signals. 


Figure 7. AC Test Load 


272433-9 


PRELIMINARY 


bie 
intel ; 3 80C 186EB/80C 188EB, 80L186EB/80L188EB 


50% CLKOUT 


{\\ \ 2: 


FLOAT (NOTE) 


Voc 
FLOAT (NOTE) 


272433-10 


NOTE: 
20% Vcc < Float < 80% Voc 


Figure 9. Output Delay and Float Waveform 


50% CLKOUT 


Figure 10. Input Setup and Hold 


272433-11 
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CLKOUT 


Vec 
ADO:15 (AD7:0), 
A19:16 (A19:8) 
OV 


Voc 


RD or WR 


A19/0NCE 


272433-12 


NOTE: 
Pin names in parentheses apply to 80C188EB/80L188EB 


Figure 11. Relative Signal Waveform 
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Figure 12. Serial Port Mode 0 Waveform 
\ 
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DERATING CURVES 


TYPICAL OUTPUT DELAY VARIATIONS VERSUS LOAD CAPACITANCE 
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Tama = 29°C 
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Figure 13 


TYPICAL RISE AND FALL VARIATIONS VERSUS LOAD CAPACITANCE 


DELAY (ns) 


C, (pF) 


272433-15 


Figure 14 
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RESET 


The processor will perform a reset operation any 
time the RESIN pin active. The RESIN pin is actually 
synchronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor- 
rect initialization of the processor. Failure to pro- 
vide RESIN while the device is powering up will 
result in unspecified operation of the device. 


Figure 14 shows the correct reset sequence when 
first applying power to the processor. An external 
clock connected to CLKIN must not exceed the Vcc 
threshold being applied to the processor. This is nor- 
mally not a problem if the clock driver is supplied 
with the same Vcc that supplies the processor. 
When attaching a crystal to the device, RESIN must 
remain active until both Vcc and CLKOUT are stable 
(the length of time is application specific and de- 
_ pends on the startup characteristics of the crystal 
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intel. 
circuit). The RESIN pin is designed to operate cor- 
rectly using an RC reset circuit, but the designer 
must ensure that the ramp time for Vcc is not so 
long that RESIN is never really sampled at a logic 


low level when Vcc reaches minimum operating 
conditions. 


Figure 16 shows the timing sequence when RESIN 
is applied after Voc is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the processor to a known operat- 
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 


While RESIN is active, bus signals LOCK, A19/ 
ONCE, and A18:16 are configured as inputs and 
weakly held high by internal pullup transistors. Only 
19/ONCE can be overdriven to a low and is used to 
enable ONCE Mode. Forcing LOCK or A18:16 low at 
any time while RESIN is low is prohibited and will 
Cause unspecified device operation. 
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Voc and CLKIN Stable to Outputs Valid 


28 CLKIN Periods (Max) 
CLKOUT 


GCS7:0, 
TOUT, T10UT, 
TXD1:0, NCS 
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Vec and CLKIN Stable to Reset high, approximately 32 CLKIN periods Resets High to First Bus Activity, 7 CLKOUT periods 
272433-16 


NOTE: 

CLKOUT synchronization occurs on the rising edge of RESIN. If RESIN is sampled high while CLKOUT is high (solid line), then CLKOUT will remain 
low for two CLKIN periods. If RESIN is sampled high while CLKOUT is low (dashed line), then CLKOUT will not be affected. 

Pin names in parentheses apply to 80C188EB/80L188EB 


€3881 108/398! 108 ‘83881908/83981908 
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ABVNIMI TEI) 


SUOJOARM JOSH WPA “9} OsNbI4 


CLKOUT 


UCS, LCS, 
GCS7:0, 
TOUT, TIOUT, 
TXD1:0, NCS 


HLDA, ALE, 
SINT 1 


A19:16 


AD15:0 (AD7:0, A15:8) 
$2:0, 

RD, WR, 

DT/R, DEN, | B 

LOCK 


93881 108/898! 108 ‘€3881908/83981908 


SOI] 


eee e pee e ed peewee pee 


pee wens nr ener 
RESIN 


RESOUT 


Minimum RESIN Low Time Resets High to First Bus Activity, 7 CLKOUT periods 
4 CLKOUT Periods 
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NOTE: 

CLKOUT synchronization occurs on the rising edge of RESIN. If RESIN is sampled high while CLKOUT is high (solid line), then CLKOUT will remain r 
low for two CLKIN periods. If RESIN is sampled high while CLKOUT is low (dashed line), then CLKOUT will not be affected. : 

Pin names in parentheses apply to 80C188EB/80L188EB ween & 
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BUS CYCLE WAVEFORMS bus signals to CLKOUT. These figures along with 
the information present in AC Specifications allow 
Figures 17 through 23 present the various bus cy- the user to determine all the critical timing analysis 


cles that are generated by the processor. What is needed for a given application. 
shown in the figure is the relationship of the various 


CLKOUT 


A19/ONCE, 
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Figure 17. Read, Fetch, and Refresh Cycle Waveforms 
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NOTE: 


a 
lw 
fe.) 
© 
= 
cml 
oO 
io 2) 
=~ 
jaa) 
LL 
ioe) 
ioe) 
= 
O 
oO 
co 
Oo 
_— 
= 
Qa 
QO. 
oO 
” 
0) 
” 
® 
pes 
Seat 
= 
® 
he 
© 
Qa. 
= 
2] 
0) 
E 
© 
= 
£ 
a 


Figure 18. Write Cycle Waveforms 
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CLKOUT 


A19:16 
(A15:8) 


AD15:0 
(AD7:0) 
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NOTE: 

The address driven is typically the location of the next instruction prefetch. Under a majority of instruction sequences the 
AD15:0 (AD7:0) bus will float, while the A19:16 (A19:8) bus remains driven and all bus control signals are driven to their 
inactive state. 

Pin names in parentheses apply to 80C188EB/80L188EB 


Figure 19. Halt Cycle Waveforms 
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A19/ONCE, 


BHE (RFSH) 
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NOTE 


Figure 20. Interrupt Acknowledge Cycle Waveform 
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A19/ONCE, 


(A15:8, AD7:0) 
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Pin names in parentheses apply to 80C188EB/80L188EB 


NOTE: 


Figure 21. HOLD/HLDA Waveforms 
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darker lines indicate WRITE cycles. 


Pin names in parentheses apply to 80C188EB/80L188EB 
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NOTES: 


darker lines indicate WRITE cycles. 


Pin names in parentheses apply to 80C188EB/80L188EB 
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2. Lighter lines indicate READ cycles, 


Figure 23. Ready Waveforms 
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EXECUTION TIMINGS 


A determination of program execution timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum 
execution time in clock cycles for each instruction. 
The timings given are based on the following as- 
sumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


e No wait states or bus HOLDs occur. 


e All word-data is located on even-address bound- 
aries (80C186EB only). 


~ All jumps and calls include the time required to fetch 


the opcode of the next instruction at the destination 


address. 


2-178 


- intel. 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the bus interface unit (BIU) and exe- 
cution unit. 


With a 16-bit BIU, the 80C186EB has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program execu- 
tion time will not be substantially greater than that 
derived from adding the instruction timings shown. 


The 80C188EB 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 
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INSTRUCTION SET SUMMARY 


80C186EB | 80C188EB 
Function Comments 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory 1000100w mod reg r/m 


Register/memory to register 1000101Ww mod reg r/m 


mod 000 r/m 8/16-bit 
data 8/16-bit 
addr-low 
addr-low 
Register/memory to segment register 10001110 


Segment register to register/memory 10001100 mod 0 reg r/m 


PUSH = Push: 
Memory 100 Vere mod 110 r/m 


Immediate to register/memory 
Immediate to register 1011w reg 


Memory to accumulator 1010000w 


Accumulator to memory 1010001w 


Register 01010 reg 


Segment register 000reg110 


POP = Pop: 


Memory 10007111 mod000 r/m 


Register 01011 reg 


Segment register 000reg111 (reg+01) 


XCHG = Exchange: 
Register/memory with register 1000011w mod reg r/m 


Register with accumulator 10010 reg 


IN = Input from: 
Fixed port 


Variable port 1110110w 
OUT = Output to: 
Fixed port 1110011Ww 


Variable port . 1110111wW 


XLAT = Translate byte to AL 11010111 


LEA = Load EA to register 10001101 mod reg r/m 


LDS = Load pointer to DS 11000101 (mod¥11) 


LES = Load pointer to ES 11000100 mod reg r/m (mod 11) 


LAHF = Load AH with flags TU01 771-1 


SAHF = Store AH into flags 10011110 


PUSHF = Push flags 10011100 


| 


POPF = Pop flags 10011101 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


00101110 
00110110 
00111110 
00100110 


mod reg r/m 


mod000 r/m data if s w=01 


Immediate to accumulator 0000010w data 


Reg/memory with register to either 000000dw 


Immediate to register/memory 100000sw 


ADC = Add with carry: 


Reg/memory with register to either 000100dw mod reg r/m 


mod010 r/m data data ifs w=01 ‘ 
data data if w=1 8/16-bit 


Immediate to register/memory 100000sw 


Immediate to accumulator 0001010w 


INC = Increment: 
Register/memory 1111111w | mod000 r/m 


Register 01000 reg 


SUB = Subtract: 


Reg/memory and register to either 001010dw mod reg r/m 


mod101 r/m data data ifs w=01 


Immediate from accumulator 0010110w data data if w=1 8/16-bit 


Immediate from register/ memory 100000sw 


SBB = Subtract with borrow: 
Reg/memory and register to either 000110dw mod reg r/m 


immediate from register/memory 100000sw mod011 r/m data ifs w=01 


Immediate from accumulator 0001110w data 
DEC = Decrement 
Register/memory Pitti inw mod001 r/m 


Register 01001 reg 


CMP = Compare: 


Register/memory with register mod reg r/m 


Register with register/memory 0011100w mod reg r/m 


immediate with register/memory 100000sw mod 111 r/m data ifs w=01 


Immediate with accumulator data 


NEG = Change sign register/memory mod011 r/m 


AAA = ASCIl adjust for add 
DAA = Decimal adjust for add 00100111 
AAS = ASCIl adjust for subtract 


DAS = Decimal adjust for subtract 


MUL = Multiply (unsigned): 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


80C186EB | 80C188EB 


Function Comments 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 1111011w 


Register-Byte 
Register-Word 
Memory-Byte 

Memory-Word 


DIV = Divide (unsigned): 1111011w 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


IDIV = Integer divide (signed): 1111011 


Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 


AAM = ASCIil adjust for multiply 11010100 00001010 


AAD = ASCIl adjust for divide 11010101 00001010 


CBW = Convert byte to word 10011000 


CWD = Convert word to double word 10011001 


LOGIC 
Shift/Rotate Instructions: 


Register/Memory by 1 1101000w m 


a 
- 
3 


a 
: 
3 


Register/Memory by CL 1101001Ww m 


TTT instruction 


000 ROL 

001 ROR 

010 RCL 

011 RCR ‘ 
100 SHL/SAL 

101 SHR 

111 SAR 


AND = And: 
Reg/memory and register to either 001000dw 


Immediate to register/ memory 1000000w | mod100 r/m data if w= 1 
Immediate to accumulator 0010010w data 


TEST = And function to flags, no result: 


Register/memory and register 1000010w 
Immediate data and register/memory 1111011w | mod000 r/m data if w= 1 
Immediate data and accumulator 1010100w | data data ifw=1 


OR = Or: 
Reg/memory and register to either 000010dw : 

Immediate to register/memory 1000000w | mod001 r/m data if w=1 
0000110w data if w= 1 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 


PRELIMINARY 2-181 


8/16-bit 


8/16-bit 


Immediate to accumulator 8/16-bit 


- bay 7 ot AR ab AEs a a A PA ae sy. : 

im homly ty ‘ . 2 = & tee hy i . "i * SK Pop itas es -_ ait, i ox! E im ane ath ine 
ee ‘ Bic ‘ aee¥ i ae gece ORO abet eK es APE 
UPS dats Pare BAR sn Coe SR a tS de 


= 


80C 186EB/80C188EB, 80L186EB/80L188EB | mn in 


INSTRUCTION SET SUMMARY (Continued) 


Function 


LOGIC (Continued) 
XOR = Exclusive or: 


Reg/memory and register to either 001100dw 

Immediate to register/memory 1000000w data 

Immediate to accumulator 0011010w 8/16-bit 
NOT = Invert register/memory 1111011w 


STRING MANIPULATION 
MOVS = Move byte/word 1010010w 


CMPS = Compare byte/word 1010011w 
SCAS = Scan byte/word 1010111w 


LODS = Load byte/wd to AL/AX 1010110w 


STOS = Store byte/wd from AL/AX 1010101w 


Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ) 
MOVS = Move string 1010010w 8+8n* 
CMPS = Compare string 171110012 1010011w 5+ 22n* 


SCAS = Scan string 1111001z | 1010111w 5+15n* 


LODS = Load string 11110010 6+11n* 


STOS = Store string 11110010 1010101w 6+9n* 


CONTROL TRANSFER 
CALL = Call: 
Direct within segment 11101000 disp-high 


Register/memory TUTVETTA4A mod010 r/m 


indirect within segment 


Direct intersegment 10011010 segment offset 


segment selector 


mod011 r/m (mod ¥ 11) 


Indirect intersegment 


JMP = Unconditional jump: 


Short/long 11101011 


Direct within segment disp-low disp-high 


Register/memory TEPATLT mod 100 r/m 


indirect within segment 


Direct intersegment 11101010 segment offset 


segment selector 


mod 101 r/m (mod # 11) 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


80C 188EB 
Function Clock 
Cycles 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within segment 11000011 


data-low data-high 


Within seg adding immed to SP 11000010 


Intersegment 11001011 


Intersegment adding immediate to SP 11001010 data-low data-high 


JMP not 
taken/JMP 
taken 


JE/JZ = Jump on equal/zero 01110100 


JL/JNGE = Jump on less/not greater or equal 01111100 


JLE/JNG = Jump on less or equal/not greater O11 tie 
JB/JNAE = Jump on below/not above or equal 01110010 


JBE/JNA = Jump on below or equal/not above 


JP/JPE = Jump on parity/parity even 01111010 


= Jump on overflow 01110000 
= Jump on sign 01111000 


JNE/JNZ = Jump on not equal/not zero 01110101 


JNL/JGE = Jump on not less/greater or equal OFF 11101 


JNLE/JG = Jump on not less or equal/greater 
JNB/JAE = Jump on not below/above or equal 01110011 


JNBE/JA = Jump on not below or equal/above 01110111 


JNP/JPO = Jump on not par/par odd 
JNO = Jump on not overflow 01110001 
= Jump on not sign 


JCXZ = Jump on CX zero 


LOOP = Loop CX times 11100010 LOOP not 
taken/LOOP 
LOOPZ/LOOPE = Loop while zero/equal a aes 


LOOPNZ/LOOPNE = Loop while not zero/equal 


AS 


INT = Interrupt: 


<= 
.] 
® 


Type specified 


Type 3 11001100 if INT. taken/ 
if INT. not 


INTO = Interrupt on overflow taken 


= Interrupt return 1400147117 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Function 


PROCESSOR CONTROL 
CLC = Clear carry 11111000 
CMC = Complement carry 11110101 
STC = Set carry 171471001 
CLD = Clear direction 11111100 
STD = Set direction 97171307 
CLI = Clear interrupt 11111010 
STI = Set interrupt T1177-0-1 
HLT = Halt TT1T7TO07100 
WAIT = Wait 10011011 


LOCK = Bus lock prefix 11110000 


NOP = No Operation 10010000 


80C186EB | 80C188EB 
Format Clock Clock 
Cycles Cycles 


(TTT LLL are opcode to processor extension) 
Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 


*Clock cycles shown for byte transfers. For word operations, add 4 clock cycles for all memory transfers. 


FOOTNOTES 


The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 


if mod 11 then r/m is treated as a REG field 

ifmod = O00then DISP = 0%, disp-low and disp- 
high are absent 

ifmod = 01 then DISP = disp-low sign-ex- 
tended to 16-bits, disp-high is absent 

ifmod = 10 then DISP = disp-high: disp-low 

ifr/m = 000 then EA = (BX) + (SI) + DISP 

ifr/m = 001 then EA = (BX) + (DI) + DISP 

ifr/m = 010 then EA = (BP) + (SI) + DISP 

ifr/m = 011 then EA = (BP) + (DI) + DISP 

ifr/m = 100 then EA = (SI) + DISP 

ifr/m = 101 then EA = (DI) + DISP 

ifr/m = 110 then EA = (BP) + DISP* 

ifr/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 


*except if mod = 00 and r/m = 110 then EA = 
disp-high: disp-low. 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 

Segment Override Prefix 


o 0.) eg 4-1 0 
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reg is assigned according to the following: 


Segment 
reg. Register 
00 ES 
01 CS 
10 SS 
11 DS 
REG is assigned according to the following table: 
16-Bit(w = 1) 8-Bit(w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 
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ERRATA 


An 80C186EB/80L186EB with a STEPID value of 
0001H has the following known errata. A device with 
a STEPID of 0001H can be visually identified by the 
presence of an “A” alpha character next to the 
FPO number. The FPO number location is shown in 
. Figures 4, 5 and 6. 


1. A19/ONCE is not latched by the rising edge of 
RESIN. A19/ONCE must remain active (LOW) at 
all times to remain in the ONCE Mode. Removing 
A19/ONCE after RESIN is high will return all out- 
put pins to a driving state, however, the 
80C186EB will remain in a reset state. 


2. During interrupt acknowledge (INTA) bus cycles, 
the bus controller will ignore the state of the 
READY pin if the previous bus cycle ignored the 
state of the READY pin. This errata can only oc- 
cur if the Chip-Select Unit is being used. All active 
chip-selects must be programmed to use READY 
(RDY bit must be programmed to a 1) if wait- 
states are required for INTA bus cycles. 


3. CLKOUT will transition off the rising edge of 
CLKIN rather than the falling edge of CLKIN. This 
does not affect any bus timings other than Tcp. 


4. RESIN has a hysterisis of only 130 mV. It is rec- 
ommended that RESIN be driven by a Schmitt 
triggered device to avoid processor lockup during 
reset using an RC circuit. 
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5. SINT1 will only go active for one clock period 
when a receive or transmit interrupt is pending 
(i.e., it does not remain active until the S1STS 
register is read). If SINT1 is to be connected to 
any of the processor interrupt lines (INTO-INT4), 
then it must be latched by user logic. 


An 80C186EB/80L186EB with a STEPID value of 
0001H or 0002H has the following known errata. A 
device with a STEPID of 0002H can be visually iden- 
tified by noting the presence of a “B”, “C” or ‘‘D” 
alpha character next to the FPO number. The FPO 
number location is shown in Figures 4, 5 and 6. 


1. An internal condition with the interrupt controller 
can cause no acknowledge cycle on the INTA1 
line in response to INT1. This errata only occurs 
when Interrupt 1 is configured in cascade mode 
and a higher priority interrupt exists. This errata 
will not occur consistantly, it is dependent on in- 
terrupt timing. 


REVISION HISTORY 


This data sheet replaces the following data sheets: 
270803-004 80C186EB 
270885-003 80C188EB 
270921-003 80L186EB 
270920-003 80L188EB 
272311-001 SB80C188EB/SB80L188EB 
272312-001 SB80C186EB/SB80L186EB 
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80C 186EC/80C188EC AND 80L186EC/80L188EC 
16-BIT HIGH-INTEGRATION EMBEDDED PROCESSORS 


# Fully Static Operation 


@ True CMOS Inputs and Outputs 
= —40°C to + 85°C Operating Temperature Range 


integrated Feature Set: 

— Low-Power, Static, Enhanced 8086 
CPU Core 

— Two Independent DMA Supported 
UARTs, each with an Integral Baud 
Rate Generator 

— Four Independent DMA Channels 

— 22 Multiplexed I/O Port Pins 

— Two 8259A Compatible 
Programmable Interrupt Controllers 

— Three Programmable 16-Bit Timer/ 
Counters 

— 32-Bit Watchdog Timer 

— Ten Programmable Chip Selects with 
integral Wait-State Generator 

— Memory Refresh Control Unit 

— Power Management Unit 

— On-Chip Oscillator 

— System Level Testing Support 
(ONCE Mode) 


Direct Addressing Capability to 1 Mbyte 
Memory and 64 Kbyte I/O 


Low-Power Operating Modes: 
— Idle Mode Freezes CPU Clocks but 
Keeps Peripherals Active 


— Powerdown Mode Freezes All 
internal Clocks 

— Powersave Mode Divides All Clocks 
by Programmable Prescalar 


Complete System Development 

Support 

— ASM86 Assembler, iC-86 and System 
Utilities 

— In-Circuit Emulator 

Supports 80C 187 Numerics Processor 

Extension (80C186EC only) 


Package Types: 

— 100-Pin EIAJ Quad Fiat Pack (QFP) 

— 100-Pin Plastic Quad Flat Pack 
(PQFP) 

— 100-Pin Shrink Quad Flat Pack 
(SQFP) 


Speed Versions Available (5V): 
— 20 MHz (80C 186EC20/80C 188EC20) 
— 13 MHz (80C 186EC 13/80C 188EC 13) 


Speed Version Available (3V): 
— 13 MHz (80L186EC13/80L188EC13) 
— 8 MHz (80L186EC8/80L188EC8) 


The 80C186EC is a member of the 186 Integrated Processor Family. The 186 Integrated Processor Family 
incorporates several different VLSI devices all of which share a common CPU architecture: the 8086/8088. 
The 80C186EC uses the latest high density CHMOS technology to integrate several of the most common 
system peripherals with an enhanced 8086 CPU core to create a powerful system on a single monolithic 
silicon die. 


November 1993 
2-186 Order Number: 272434-001 


80C 186EC/80C188EC and 80L186EC/80L188EC 
16-Bit High-Integration Embedded Processor 
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$2:0 

A19/ONCE 

(A18:16, A12:8) A18:16 
(A15:13) AD15:13/CAS2:0 
(AD7:0) AD12:0 

ALE 

(RFSH) BHE 

RD 

WR 

READY 

DEN 

DT/R 

LOCK 


HOLD 
HLDA 


(N.C.) ERROR 
(N.C.) PEREQ 
(N.C.) NCS 

(TEST) TEST/BUSY 
NMI 


CLKIN 
OSCOUT 
CLKOUT 
PDTMR 
RESIN 
RESOUT 


INTO 
INT 1 
INT2 
INT3 
INT4 
INTS 
INT6 
INT7 


INTA 


WDTOUT 


P3.0/TXI1 
P3.1/RXI1 
P3.2/DMAIO 
P3.3/DMAI1 
P3.4 

P3.5 


NOTE: 


186 MODULAR CPU CORE 


BUS 
INTERFACE 
UNIT 


PREFETCH 
QUEUE 


CENTRAL 
PROCESSING 
UNIT 


CLOCK 
GENERATOR 
AND 
POWER 
MANAGEMENT 
UNIT 


INTERRUPT 
CONTROL 
UNITS 


WATCHDOG 
TIMER 
UNIT 


PORT 3 
MULTIPLEXER 


Pin names in parentheses apply to the 80C188EC/80L188EC 
Figure 1. 80C186EC/80L186EC Block Diagram 
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INTRODUCTION 


Unless specifically noted, all references to the 
80C186EC apply to the 80C188EC, 80L186EC, and 
80L188EC. References to pins that differ between 
the 80C186EC/80L186EC and the 80C188EC/ 
80L188EC are given in parentheses. The ‘‘L’”’ in the 
part number denotes low voltage operation. Physi- 
cally and functionally, the “C” and “L” devices are 
identical. 


The 80C186EC is one of the highest integration 
members of the 186 Integrated Processor Family. 
Two serial ports are provided for services such as 
interprocessor communication, diagnostics and mo- 
dem interfacing. Four DMA channels allow for high 
speed data movement as well as support of the on- 
board serial ports. A flexible chip select unit simpli- 
fies memory and peripheral interfacing. The three 
general purpose timer/counters can be used for a 
variety of time measurement and waveform genera- 
tion tasks. A watchdog timer is provided to insure 
system integrity even in the most hostile of environ- 
ments. Two 8259A compatible interrupt controllers 
handle internal interrupts, and, up to 57 external in- 
terrupt requests. A DRAM refresh unit and 24 multi- 
plexed I/O ports round out the feature set of the 
80C186EC. 


The future set of the 80C186EC meets the needs of 
low-power, space-critical applications. Low-power 
applications benefit from the static design of the 
CPU and the integrated peripherals as well as low 
voltage operation. Minimum current consumption is 
achieved by providing a powerdown mode that halts 
operaton of the device and freezes the clock cir- 
cuits. Peripheral design enhancements ensure that 
non-initialized peripherals consume little current. 


The 80L186EC is the 3V version of the 80C186EC. 
The 80L186EC is functionally identical to the 
80C186EC embedded processor. Current 
80C186EC users can easily upgrade their designs to 
use the 80L186EC and benefit from the reduced 
power consumption inherent in 3V operation. 


Figure 1 shows a block diagram of the 80C186EC/ 
80C188EC. The execution unit (EU) is an enhanced 
8086 CPU core that includes: dedicated hardware to 
speed up effective address calculations, enhanced 
execution speed for multiple-bit shift and rotate in- 
structions and for multiply and divide instructions, 
string move instructions that operate at full bus 
bandwidth, ten new instructions and fully static oper- 
ation. The bus interface unit (BIU) is the same as 
that found on the original 186 family products, ex- 
cept the queue-status mode has been deleted and 
buffer interface control has been changed to ease 
system design timings. An independent internal bus 
is used for communication between the BIU and on- 
chip peripherals. 
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80C186EC CORE ARCHITECTURE 


Bus Interface Unit 


The 80C186EC core incorporates a bus controller 
that generates local bus control signals. In addition, 
it employs a HOLD/HLDA protocol to share the local 
bus with other bus masters. 


The bus controller is responsible for generating 20 
bits of address, read and write strobes, bus cycle 
status information and data (for write operations) in- 
formation. It is also responsible for reading data 
from the local bus during a read operation. A ready 
input pin is provided to extend a bus cycle beyond 
the minimum four states (clocks). 


The bus controller also generates two control sig- 
nals (DEN and DT/R) when interfacing to external 
transceiver chips. This capability allows the addition 
of transceivers for simple buffering of the multi- 
plexed address/data bus. 


Clock Generator 


The 80C186EC provides an on-chip clock generator 
for both internal and external clock generation. The 
clock generator features a crystal oscillator, a divide- 
by-two counter and three low-power operating 
modes. 


The oscillator circuit is designed to be used with ei- 
ther a parallel resonant fundamental or third-over- 
tone mode crystal network. Alternatively, the oscilla- 
tor circuit may be driven from an external clock 
source. Figure 2 shows the various operating modes 
of the oscillator circuit. 


The crystal or clock frequency chosen must be twice 
the required processor operating frequency due to 
the internal divide-by-two counter. This counter is 
used to drive all internal phase clocks and the exter- 
nal CLKOUT signal. CLKOUT is a 50% duty cycle 
processor clock and can be used to drive other sys- 
tem components. All AC timings are referenced to 
CLKOUT. 


The following parameters are recommended when 
choosing a crystal: 


Temperature Range: Application Specific 


ESR (Equivalent Series Res.): 402 max 
CO (Shunt Capacitance of Crystal): 7.0 pF max 
C,. (Load Capacitance): 20 pF +2 pF 
Drive Level: 1 mW (max) 
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OSCOUT 


(A) CRYSTAL CONNECTION 


NOTE: 


EXTERNAL CLOCK 


NOT CONNECTED OSCOUT — 


(B) CLOCK CONNECTION 
272434-2 


1. The LC network is only required when using a third overtone crystal. 


Figure 2. 80C186EC Clock Connections 


80C186EC PERIPHERAL 
ARCHITECTURE 


The 80C186EC integrates several common system 
peripherals with a CPU core to create a compact, yet 
powerful system. The integrated peripherals are de- 
signed to be flexbile and provide logical interconnec- 
tions between supporting units (e.g., the DMA unit 
can accept requests from the Serial Communica- 
tions Unit). 


The list of integrated peripherals includes: 


— Two cascaded, 8259A compatible, Programma- 
ble Interrupt Controllers 


— 3-Channel Timer/Counter Unit 
— 2-Channel Serial Communications Unit 
— 4-Channel DMA Unit 
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— 10-Output Chip-Select Unit 
— 32-bit Watchdog Timer Unit 
— 1/O Port Unit 

— Refresh Control Unit 

— Power Management Unit 


The registers associated with each integrated pe- 
ripheral are contained within a 128 x 16-bit register 
file called the Peripheral Control Block (PCB). The 
base address of the PCB is programmable and can 
be located on any 256 byte address boundary in ei- 
ther memory or I/O space. 


Figure 3 provides a list of the registers associated 
with the PCB. The Register Bit Summary individually 
lists all of the registers and identifies each of their 
programming attributes. 
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PCB 
Offset 


OOH 
02H 


Master PIC Port 0 
Master PIC Port 1 
4H | Slave PIC Port 0 
O6H | Slave PIC Port 1 


: 
rr 
oh 
22H 
2 WDT Count High 
2AH WDT Disable 
0H 
32H 


A Ti Compare A 
C T1 Compare B 


fe) 


° 
I 


—_ 


oS 


Nm | = 
(ome May 
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ye) 
fo) 


ie) 


> 
22) 
abs 
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© 
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Cc 


GCSO Start 
GCSO Stop _ 
GCS1 Start 
GCS1 Stop 
GCS2 Start 
GCS2 Stop 
GCS3 Start 
GCS3 Stop 
GCS4 Start 
GCS4 Stop 
GCSS5 Start 
GCS5 Stop 
GCS6 Start 
GCS6 Stop 


46H 
88H 
8AH 
8CH 


4AH 
4CH 
4EH 


oO 
i) 


9AH 
9CH GCS7 Start 


22/82 (8|e|2|8/2/8 8s [e\e|f@ 


5CH 


SCH 
| SEH GCS7 Stop 
LCS Start 
LCS Stop 
UCS Star 
UCS Stop 
Relocation Regist 
6AH Reserved 
6CH ACH Reserved 
6EH AEH Reserved 
70H | BOH | Refresh Base Addr. 
72H | B2H | Refresh Time 
SCU 1 Control B4H | Refresh Control 


Refresh Address 


SCU 1 Status 
SCU 1 RBUF 
SCU 1 TBUF 


Power Control 
Reserved 


Step ID 


BAH 
CH 


w 


ive] 
foe) 


@) 


Sf So SE PS PS 
oO | + 
= tule Co Pee be 


Reserved 
Reserved BEH Powersave 


Figure 3. Peripheral Control Block Registers 


COH 
C2H 
C4H 
C6H 
C8H 
CAH 
CCH 
CEH 
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FEM 


DMA 0 Dest. Low 
DMA 0 Dest. High 
DMA 0 Count 
DMA 0 Control 
DMA Module Pri. 
DMA Halt 
DMA 1 Source Low 


DMA 1 Dest. Low 
DMA 1 Dest. High 
DMA 1 Count 
DMA 1 Control 
Reserved 
Reserved 


DMA 2 Source Low 


DMA 2 Dest. Low 
DMA 2 Dest. High 
DMA 2 Count 
DMA 2 Control 
Reserved 
Reserved 


DMA 3 Source Low 


DMA 3 Dest. Low 
DMA 3 Dest. High 
DMA 3 Count 
DMA 3 Control 


Reserved 


Reserved 
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Programmable interrupt Controllers 


The 80C186EC utilizes two 8259A compatible Pro- 
grammable Interrupt Controllers (PIC) to manage 
both internal and external interrupts. The 8259A 
modules are configured in a master/slave arrange- 
ment. 


Seven of the external interrupt pins, INTO through 
INT6, are connected to the master 8259A module. 
The eighth external interrupt pin, INT7, is connected 
to the slave 8259A module. 


There are a total of 11 internal interrupt sources 
from the integrated peripherals: 4 Serial, 4 DMA and 
3 Timer/Counter. 


Timer/Counter Unit 


The 80C186EC Timer/Counter Unit (TCU) provides 
three 16-bit programmable timers. Two of these are 
highly flexible and are connected to external pins for 
external control or clocking. The third timer is not 
connected to any external pins and can only be 
clocked internally. However, it can be used to clock 
the other two timer channels. The TCU can be used 
to count external events, time external events, gen- 
erate non-repetitive waveforms or generate timed in- 
terrupts. 


Serial Communications Unit 


The 80C186EC Serial Communications Unit (SCU) 
contains two independent channels. Each channel is 
identical in operation except that only channel 0 is 
directly supported by the integrated interrupt control- 
ler (the channel 1 interrupts are routed to external 
interrupt pins). Each channel has its own baud rate 
generator and can be internally or externally clocked 
up to one half the processor operating frequency. 
Both serial channels can request service from the 
DMA unit thus providing block reception and trans- 
mission without CPU intervention. 


Independent baud rate generators are provided for 
each of the serial channels. For the asynchronous 
modes, the generator supplies an 8x baud clock to 
both the receive and transmit shifting register logic. 
A 1x baud clock is provided in the synchronous 
mode. 


DMA Unit 


The four channel Direct Memory Access (DMA) Unit 
is comprised of two modules with two channels 
each. All four channels are identical in operation. 
DMA transfers can take place from memory to mem- 
ory, |1/O to memory, memory to I/O or I/O to I/O. 
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DMA requests can be external (on the DRQ pins), 


internal (from Timer 2 or a serial channel) or soft- 
ware initiated. 


The DMA Unit transfers data as bytes only. Each 
data transfer requires at least two bus cycles, one to 
fetch data and one to deposit. The minimum clock 
count for each transfer is 8, but this will vary depend- 
ing on synchronization and wait states. 


Chip-Select Unit 


The 80C186EC Chip-Select Unit (CSU) integrates 
logic which provides up to ten programmable chip- 
selects to access both memories and peripherals. In 
addition, each chip-select can be programmed to 
automatically insert additional clocks (wait states) 
into the current bus cycle, and/or automatically ter- 
minate a bus cycle independent of the condition of 
the READY input pin. 


1/O Port Unit 


The I/O Port Unit on the 80C186EC supports two 
8-bit channels and one 6-bit channel of input, output 
or input/output operation. Port 1 is multiplexed with 
the chip select pins and is output only. Port 2 is mul- 
tiplexed with the pins for serial channels 1 and 2. All 
Port 2 pins are input/output. Port 3 has a total of 6 
pins: four that are multiplexed with DMA and serial 
port interrupts and two that are non-multiplexed, 
open drain I/O. 


Refresh Control Unit 


The Refresh Control Unit (RCU) automatically gen- 
erates a periodic memory read bus cycle to keep 
dynamic or pseudo-static memory refreshed. A 9-bit 
counter controls the number of clocks between re- 
fresh requests. 


A 12-bit address generator is maintained by the RCU 
and is presented on the A12:1 address lines during 
the refresh bus cycle. Address bits A19:13 are pro- 
grammable to allow the refresh address block to be 
located on any 8 Kbyte boundary. 


Watchdog Timer Unit 


The Watchdog Timer Unit (WDT) allows for graceful 
recovery from unexpected hardware and software 
upsets. The WDT consists of a 32-bit counter that 
decrements every clock cycle. If the counter reach- 
es zero before being reset, the WDTOUT pin is 
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pulled low for four clock cycles. Logically ANDing 
the WDTOUT pin with the power-on reset signal al- 
lows the WDT to reset the device in the event of a 
WDT timeout. If a less drastic method of recovery is 
desired, WOTOUT can be connected directly to NMI 
or one of the INT input pins. The WDT may also be 
used as a general purpose timer. 


Power Management Unit 


The 80C186EC Power Management Unit (PMU) is 
provided to control the power consumption of the 
device. The PMU provides four power management 
modes: Active, Powersave, Idle and Powerdown. 


Active Mode indicates that all units on the 
80C186EC are operating at 1% the CLKIN frequency. 


- Idle Mode freezes the clocks of the Execution and 
Bus units at a logic zero state (all peripherals contin- 
ue to operate normally). 


The Powerdown Mode freezes all internal clocks at 
a logic zero level and disables the crystal oscillator. 


In Powersave Mode, all internal clock signals are di- 
vided by a programmable prescalar (up to 1%, the 
normal frequency). Powersave Mode can be used 
with Idle Mode as well as during normal (Active 
Mode) operation. 


80C 187 Interface (80C186EC only) 


The 80C186EC supports the direct connection of 
the 80C187 Numerics Processor Extension. The 
80C187 can dramatically improve the performance 
of calculation intensive applications. 


ONCE Test Mode 


To facilitate testing and inspection of devices when 
fixed into a target system, the 80C186EC has a test 
mode available which forces all output and input/ 
output pins to be placed in the high-impedance 
state. ONCE stands for “ON Circuit Emulation’. 
The ONCE mode is selected by forcing the 
A19/S6/ONCE pin low during a processor reset 
(this pin is weakly held high during reset to prevent 
inadvertant entrance into ONCE Mode). 


PACKAGE INFORMATION 


This section describes the pin functions, pinout and 
thermal characteristics for the 80C186EC in the 
Plastic Quad Flat Pack (JEDEC PQFP), the EIAJ 
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Quad Flat Pack (QFP) and the Shrink Quad Flat 
Pack (SQFP). For complete package specifications 
and information, see the Intel Packaging Outlines 
and Dimensions Guide (Order Number: 231369). 


Prefix Identification 


Table 1 lists the prefix identifications. 
Table 1. Prefix Identification 


Pin Descriptions 


Each pin or logical set of pins is described in Table 
2. There are four columns for each entry in the Pin 
Description Table. The following sections describe 
each column. 


Column 1: Pin Name 


In this column is a mnemonic that de- 
scribes the pin function. Negation of the 
signal name (i.e. RESIN) implies that the 
signal is active low. 


Column 2: Pin Type 


A pin may be either power (P), ground 
(G), input only (I), output only (O) or in- 
put/output (I/O). Please note that some 
pins have more than 1_ function. 
A19/S6/ONCE, for example, is normally 
an output but functions as an input dur- 
ing reset. For this reason 
A19/S6/ONCE is classified as an input/ 
output pin. 


Column 3: Input Type (for | and I/O types only) 


There are two different types of input 
pins on the 80C186EC: asynchronous 
and synchronous. Asynchronous pins 
require that setup and hold times be met 
only to guarantee recognition. Synchro- 
nous input pins require that the setup 
and hold times be met to guarantee 
proper operation. Stated simply, missing 
a setup or hold on an asynchronous pin 
will result in something minor (i.e. a timer 
count will be missed) whereas missing a 
setup or hold on a synchronous pin will 
result in system failure (the system will 
“lock up’’). 


An input pin may also be edge or level 
sensitive. 
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Column 4: Output States (for O and I/O types 
only) 


The state of an output or I/O pin is de- 
pendent on the operating mode of the 
device. There are four modes of opera- 
tion that are different from normal active 
mode: Bus Hold, Reset, Idle Mode, Pow- 
erdown Mode. This column describes 


the output pin state in each of these 


modes. 


The legend for interpreting the information in the Pin 
Descriptions is shown in Table 1. 


As an example, please refer to the table entry for 
AD12:0. The “I/O” signifies that the pins are bidirec- 
tional (i.e. have both an input and output function). 
The “S” indicates that, as an input the signal must 
be synchronized to CLKOUT for proper operation. 
The “H(Z)” indicates that these pins will float while 


J | # | 

Intel. 
the processor is in the Hold Acknowledge state. 
R(Z) indicates that these pins will float while RESIN 
is low. P(O) and I(0) indicate that these pins will drive 


O when the device is in either Powerdown or Idle 
Mode. 


Some pins, the |/O Ports for example, can be pro- 
grammed to perform more than one function. Multi- 
function pins have a “/” in their signal name be- 
tween the different functions (i.e. P3.0/RXI1). If the 
input pin type or output pin state differ between func- 
tions, then that will be indicated by separating the 
state (or type) with a ‘“‘/” (i.e. H(X)/H(Q)). In this 
example when the pin is configured as P3.0 then its 
hold output state is H(X); when configured as RXI1 
its output state is H(Q). 


All pins float while the processor is in the ONCE 
Mode (with the exception of OSCOUT). 


Table 1. Pin Description Nomenclature 


Input only pin 
Output only pin 
Input/Output pin 
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eared Description 


Power Pin (apply + Vcc voltage) 
Ground (connect to Vss) 


Synchronous, edge sensitive 
Synchronous, level sensitive 
Asynchronous, edge sensitive 
Asynchronous, level sensitive 


Output driven to Vcc during bus hold 
Output driven to Vss during bus hold 
Output floats during bus hold 

Output remains active during bus hold 
Output retains current state during bus hold 


Output weakly held at Vcc during reset 
Output driven to Vcc during reset 
Output driven to Vss during reset 
Output floats during reset 

Output remains active during reset 
Output retains current state during reset 


Output driven to Vcc during Idle Mode 
Output driven to Vss during Idle Mode 
Output floats during Idle Mode 

Output remains active during Idle Mode 
Output retains current state during Idle Mode 


Output driven to Voc during Powerdown Mode 
Output driven to Vss during Powerdown Mode 
Output floats during Powerdown Mode 

Output remains active during Powerdown Mode 
Output retains current state during Powerdown Mode 
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Table 2. Pin Descriptions 


Input | Output ; 
Type | States Pin Description 
CLKIN 


| ea I POWER +5V +10% power supply connection 
eS zg a 
OSCOUT 2 
S ees 


CLockK INput is the external clock input. An external 
oscillator operating at two times the required processor 
operating frequency can be connected to CLKIN. For 
crystal operation, CLKIN (along with OSCOUT) are the 
crystal connections to an internal Pierce oscillator. 
RESIN . A(L) 
aga ce 
PDTMR 1/0 A(L) 
will depend on the startup characteristics of the crystal 
oscillator. 
A(E) Non-Maskable Interrupt input causes a TYPE-2 interrupt 
to be serviced by the CPU. NMI is latched internally. 
TEST/BUSY | | A(E) TEST is used during the execution of the WAIT instruction 
(TEST) to suspend CPU operation until the pin is sampled active 
(LOW). TEST is alternately known as BUSY when 
interfacing with an 80C187 numerics coprocessor 
(80C186EC only). 
A19/S6/ONCE A(L) This pin drives address bit 19 during the address phase of 


the bus cycle. During T2 and TS this pin functions as 
status bit 6. S6 is low to indicate CPU bus cycles and high 
NOTE: 
Pin names in parentheses apply to the 80C188EC/80L188EC. 


G 


OSCillator OUTput is only used when using a crystal to 
generate the internal clock. OSCOUT (along with CLKIN) 
are the crystal connections to an internal Pierce oscillator. 
This pin can not be used as 2X clock output for non- 
crystal applications (i.e. this pin is not connected for non- 
crystal applications). 


CLocK OUTput provides a timing reference for inputs and 
outputs of the processor, and is one-half the input clock 
(CLKIN) frequency. CLKOUT has a 50% duty cycle and 
transitions every falling edge of CLKIN. 


RESet IN causes the processor to immediately terminate 
any bus cycle in progress and assume an initialized state. 
All pins will be driven to a known state, and RESOUT will 
also be driven active. The rising edge (low-to-high) 
transition synchronizes CLKOUT with CLKIN before the 
processor begins fetching opcodes at memory location 
OFFFFOH. 


RESet OUTput that indicates the processor is currently in 
the reset state. RESOUT will remain active as long as 
RESIN remains active. 


Power-Down TiMeR pin (normally connected to an 
external capacitor) that determines the amount of time the 
processors waits after an exit from Powerdown before 
resuming normal operation. The duration of time required 


to indicate DMA or refresh bus cycles. During a processor 
reset (RESIN active) this pin becomes the ONCE input 

pin. Holding this pin low during reset will force the part into 
ONCE Mode. 
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Table 2. Pin Descriptions (Continued) 


A18/S5 These pins drive address information during the address 

A17/S4 phase of the bus cycle. During T2 and T3 these pins drive 

A16/S3 status information (which is always 0 on the 80C186EC). 

(A15:8) These pins are used as inputs during factory test; driving 
these pins low during reset will cause unspecified operation. 
On the 80C188EC, A15:8 provide valid address information 
for the entire bus cycle. 


AD15/CAS2 These pins are part of the multiplexed ADDRESS and DATA 

AD14/CAS1 bus. During the address phase of the bus cycle, address bits 

AD13/CASO 15 through 13 are presented on these pins and can be 
latched using ALE. Data information is transferred during the 
data phase of the bus cycle. Pins AD15:13/CAS2:0 drive the 
82C59 slave address information during interrupt 
acknowledge cycles. 


These pins provide a multiplexed ADDRESS and DATA bus. 
During the address phase of the bus cycle, address bits 0 
through 12 (0 through 7 on the 80C188EC) are presented on 
the bus and can be latched using ALE. Data information is 
transferred during the data phase of the bus cycle. 


Bus cycle Status are encoded on these pins to provide bus 
transaction information. S2:0 are encoded as follows: 


52 | Si | 50 |  BusCycleinitiated 


Interrupt Acknowledge 
Read 1/0 

Write |1/O 

Processor HALT 
Instruction Queue Fetch 
Read Memory 

Write Memory 

Passive (No bus activity) 


—_— -—- — -—- ©O OO O 
—_— =-—-& ©O O =| =| CO O 
-_-oO-OoO-+ Oo —- O 


Address Latch Enable output is used to strobe address 
information into a transparent type latch during the address 
phase of the bus cycle. 


Byte High Enable output to indicate that the bus cycle in 
progress is transferring data over the upper half of the data 
bus. BHE and AO have the following logical encoding: 


Encoding (for 80C186EC/ 
80L186EC only) 


Word transfer 
Even Byte transfer 
Odd Byte transfer 
Refresh operation 


On the 80C188EC/80L188EC, RFSH is asserted low to 
indicate a refresh bus cycle. 


NOTE: 
Pin names in parentheses apply to the 80C188EC/80L188EC. 
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Table 2. Pin Descriptions (Continued) 


Pin Input Output : 


ReaD output signals that the accessed memory or I/O 
device should drive data information onto the data bus. 


WRite output signals that data available on the data bus are 
to be written into the accessed memory or I/O device. 


A(L) READY input to signal the completion of a bus cycle. READY 
S(L) must be active to terminate any 80C186EC bus cycle, unless 
(Note 1) it is ignored by correctly programming the Chip-Select unit. 


Data ENable output to control the enable of bi-directional 
transceivers in a buffered system. DEN is active only when 
data is to be transferred on the bus. 


Data Transmit/Receive output controls the direction of a bi- 
directional buffer in a buffered system. 


LOCK output indicates that the bus cycle in progress is not 
interruptable. The processor will not service other bus 
requests (Such as HOLD) while LOCK is active. This pin is 
configured as a weakly held high input while RESIN is active 
and must not be driven low. 


HOLD request input to signal that an external bus master 
wishes to gain control of the local bus. The processor will 
relinquish control of the local bus between instruction 

boundaries that are not LOCKed. 


HoLD Acknowledge output to indicate that the processor 
has relinquished control of the local bus. When HLDA is 
asserted, the processor will (or has) floated its data bus and 
control signals allowing another bus master to drive the 
signals directly. | 


Numerics Coprocessor Select output is generated when 
acessing a numerics coprocessor. This signal does not exist 
on the 80C188EC/80L188EC. 


ERROR input that indicates the last numerics processor 
extension operation resulted in an exception condition. An 
interrupt TYPE 16 is generated if ERROR is sampled active 
at the beginning of a numerics operation. Systems not using 
an 80C187 must tie ERROR to Vcc. This signal does not 
exist on the 80C188EC/80L188EC. 


NOTE: 
Pin names in parentheses apply to the 80C188EC/80L188EC. 
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Table 2. Pin Descriptions (Continued) 


Pin Input Output 
| Pare Type | Type ee 


A(L) Processor Extension REQuest signals that a data 
transfer between an 80C187 Numerics Processor 
Extension and Memory is pending. Systems not using an 
80C187 must tie this pin to Vss. This signal does not exist 
on the 80C188EC/80L188EC. 


Upper Chip Select will go active whenever the address of 
a memory or I/O bus cycle is within the address range 

programmed by the user. After reset, UCS is configured to 
be active for memory accesses between OFFCOOH and 
OFFFFFH. 


Lower Chip Select will go active whenever the address of 
a memory or I/O bus cycle is within the address range 
programmed by the user. LCS is inactive after a reset. 


P1.0/GCSO H(X)/ H(1) | These pins provide a multiplexed function. If enabled, 


P1.1/GCS1 R(1) each pin can provide a General purpose Chip Select 
P1.2/GCS2 I(X)/I(1) | Output which will go active whenever the address of a 
P1.3/GCS3 P(x)/P(1) | memory or I/O bus cycle is within the address limitations 


programmed by the user. When not programmed as a 
Chip-Select, each pin may be used as a general purpose 
output port. 


P1.4/GCS4 
P1.5/GCS5 
P1.6/GCS6 
P1.7/GCS7 


Timer OUTput pins can be programmed to provide single 
clock or continuous waveform generation, depending on 
the timer mode selected. 


Timer INput is used either as clock or control signals, 
depending on the timer mode selected. This pin may be 
either level or edge sensitive depending on the 

programming mode. 


Maskable INTerrupt input will cause a vector to a specific 
Type interrupt routine. The INT6:0 pins can be used as 
cascade inputs from slave 8259A devices. The INT pins 
can be configured as level or edge sensitive. 


iNTerrupt Acknowledge output is a handshaking signal 
used by external 82C59A Programmable Interrupt 
Controllers. 


Bidirectional, open-drain port pins. 


P3.3/DMAI1 
P3.2/DMAI0O 


DMA interrupt output goes active to indicate that the 
channel has completed a transfer. DMAI1 and DMAIO are 
multiplexed with output only port functions. 


NOTE: 
Pin names in parentheses apply to the 80C188EC/80L188EC. 
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Table 2. Pin Descriptions (Continued) 


Pin Input Output ; — 


P3.1/TXI1 H(X)/H(Q) | Transmit Interrupt output goes active to indicate that 
R(0) serial channel 1 has completed a transfer. TXI1 is 
\(Q) multiplexed with an output only Port function. 
P(X) 


P3.0/RXI1 H(X)/H(Q) | Receive Interrupt output goes active to indicate that 
R(0) serial channel 1 has completed a reception. RXI1 is 
(Q) multiplexed with an output only port function. 
P(X) 


WatchDog Timer OUT put is driven low for four clock 
cycles when the watchdog timer reaches zero. WOTOUT 

may be ANDed with the power-on reset signal to reset the 
processor when the watchdog timer is not properly reset. 


a ale 


P2.7/CTS1 A(L) 
P2.3/CTSO 


Clear-To-Send input is used to prevent the transmission 
of serial data on the TXD signal pin. CTS1 and CTSO are 
multiplexed with an I/O Port function. 


P2.6/BCLK1 
P2.2/BCLKO 


Baud CLockK input can be used as an alternate clock 
source for each of the integrated serial channels. The 
BCLK inputs are multiplexed with I/O Port functions. The 
BCLK input frequency cannot exceed 1% the operating 
frequency of the processor . 


P2.5/TXD1 H(Q) 
P2.1/TXDO . R(Z) 
I(X)/1(Q) 
P(X) 


H(X)/H(Q) 


Transmit Data output provides serial data information. 
The TXD outputs are multiplexed with I/O Port functions. 
During synchronous serial communications, TXD will 

function as a clock output. 


P2.4/RXD1 Receive Data input accepts serial data information. The 


P2.0/RXDO R(Z) RXD pins are multiplexed with |/O Port functions. During 
1(X)/1(Q) synchronous serial communications, RXD is bi-directional 
P(X) and will become an output for transmission of data (TXD 


becomes the clock). 


DMA ReQuest input pins are used to request a DMA 
transfer. The timing of the request is dependent on the 
programmed synchronization mode. 


NOTES: 
1. READY is A(E) for the rising edge of CLKOUT, S(E) for the falling edge of CLKOUT. 
2. Pin names in parentheses apply to the 80C188EC/80L188EC. 
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Pinout 


Tables 3 and 4 list the pin names with package loca- 
tion for the 100-pin Plastic Quad Flat Pack (PQFP) 
component. Figure 4 depicts the PQFP package as 
viewed from the top side of the component (i.e. con- 
tacts facing down). 


Tables 5 and 6 list the pin names with package loca- 
tion for the 100-pin EIAJ Quad Flat Pack (QFP) com- 
ponent. Figure 5 depicts the QFP package as viewed 


a 

intel. 
from the top side of the component (i.e. contacts 
facing down). 


Tables 7 and 8 list the pin names with package loca- 
tion for the 100-pin Shrink Quad Flat Pack (SQFP) 
component. Figure 6 depicts the SQFP package as 
viewed from the top side of the component (i.e., con- 
tacts facing down). 


Table 3. PQFP Pin Functions with Location 


AD8 (A8) 
AD9 (AQ) 
AD10 (A10) 
AD11 (A11) 
AD12 (A12) 
AD13/CASO 
(A13/CASO) 
AD14/CAS1 
(A14/CAS1) 
AD15/CAS2 
(A15/CAS2) 
A16/S3 
A17/S4 
A18/S5 
A19/S6/ONCE 
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RESIN 
RESOUT 
CLKIN 


OSCOUT 
CLKOUT 
TEST/BUSY 
(TEST) 
PEREQ (Vss) 
NCS (N.C.) 


P1.7/GCS7 
P1.6/GCS6 
P1.5/GCS5 
P1.4/GCS4 
P1.3/GCS3 
P1.2/GCS2 


Power and Ground 


P1.1/GCS7 
P1.0/GCSO 


ERROR (Vcc) 
PDTMR 
NMI 
INTO 
INT1 
INT2 
INT3 
INT4 
INT5 
INT6 
INT7 


P2.7/CTS1 
P2.6/BCLK1 
P2.5/TXD1 
P2.4/RXD1 
P2.3/CTSO 
P2.2/BCLKO 
P2.1/TXDO 
P2.0/RXDO 


P3.5 

P3.4 
P3.3/DMAI1 
P3.2/DMAI0 
P3.1/TXI1 
P3.0/RXI1 


TOIN 
TOOUT 
T1IN 
T1OUT 


DRQO 
DRQ1 
DRQ2 
DRQ3 


WDTOUT 
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Table 4. PQFP Pin Locations with Pin Name 


DMAIO/P3.2 BHE (RFSH) 

DMAI1/P3.3 ALE 
P3.4 AD15 (A15) 
P3.5 AD14 (A14) 
INTO AD13 (A13) 


A17/S4 
A16/S3 


INT1 AD12 (A12) 


INT2 
INT3 
INTA 


AD11 (A11) 
AD10 (A10) 
ADS (AQ) 


PEREQ (Vgs) 
~ NMI 7 
TEST 
ERROR (Vcc) 


NCS (N.C.) AD8 (A8) 
WDTOUT Vss 
Vcc 


READY 
Voc 
Vss 
UCS 
LCS 


P1.7/GCS7 
P1.6/GCS6 
P1.5/GCS5 
P1.4/GCS4 
P1.3/GCS3 
P1.2/GCS2 
P1.1/GCS1 
P1.0/GCSO 
DRQO 
DRQ1 
DRQ2 


OSCOUT 
Vss 
Vcc 
Vcc 
Vss 

P2.0/RXDO 
P2.1/TXDO 
P2.2/BCLKO 
P2.3/CTSO 
P2.4/RXD1 
P2.5/TXD1 
P2.6/BCLK1 
P2.7/CTS1 
P3.0/RXI1 
P3.1/TXI1 


AD7 
AD6 
AD5 
AD4 
Voc 
Vss 
¥ec 
AD3 
AD2 
AD1 
ADO 
A19/S6/ONCE 
A18/S5 
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(Voc) 


97 ——1 P1.0/GCSO 
96 [—J P1.1/GCS1 
95 H—I P1.2/G6CS2 
94 —J P1.3/GCS3 
93 I) P1.4/G6CS4 
92 F—7 P1.5/G6CS5 
91 FJ P1.6/GCS6 
90 [—I P1.7/GCS7 
83 [—I TEST/BUSY (TEST) 
8 1 FI PEREQ (Voc) 


85 E—J READY 
84 [—J ERROR 

77E3 ai6/s3 
76 — A17/S4 


00 FJ DRQ2 


DRQ3 
TOOUT 
TOIN 
T10UT 
T1IN 
CLKOUT 
RESOUT 
RESIN 
PDTMR 
CLKIN 
OSCOUT 


Vss 


A18/S5 

A19/S6/ONCE 

ADO 

AD1 

AD2 

AD3 

Voc 

Vss 

Voc 

AD4 

AD5 

AD6 

AD7 

Voc 

Yss 

AD8 (A8) 

AD9 (AQ) 

AD10 (A10) 

AD11 (A11) 

AD12 (A12) 

AD13/CASO (A13/CASO) 
AD14/CAS1 (A14/CAS1) 
AD15/CAS2 (A15/CAS2) 
ALE 

BHE (RFSH) 


On Oonkhk WHY 
O' 


—_- —- © 
—- oO 


KU80C186EC20 
XXXXXXXXXA (SEE NOTE) 
Yss 
P2.0/RXDO 
P2.1/TXDO 
P2.2/BCLKO 
P2.3/CTSO 
P2.4/RXD1 
P2.5/TXD1 
P2.6/BCLK1 
P2.7/CTS1 
P3.0/RXI1 
P3.1/TXI1 


ee ee ee ee ee ee 
OON DOU & WW DY 


DMAIO/P3.2 [J 26 
DMAI1/P3.3 [3 27 
WDTOUT CJ 36 
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NOTE: 
This is the FPO number location (indicated by X’s). 


Figure 4. 100-Pin Plastic Quad Flat Pack Package (PQFP) 
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Table 5. QFP Pin Names with Package Location 


AD1 
AD2 


AD3 P1.7/GCS7 
AD4 P1.6/GCS6 
AD5 TEST/BUSY P1.5/GCS5 
AD6 (TEST) P1.4/GCS4 
AD7 PEREQ (Vs) P1.3/GCS3 
AD8 (A8) NCS (N.C.) P1.2/GCS2 
AD9 (AQ) ERROR (Vcc) P1.1/GCS1 


P1.0/GCSO 


AD10 (A10) 
AD11 (A11) 
AD12 (A12) 


PDTMR 
NMI 


INTO P2.7/CTS1 


AD13/CASO INT1 P2.6/BCLK1 
(A13/CASO) INT2 P2.5/TXD1 
AD14/CAS1 INT3 P2.4/RXD1 
(A14/CAS1) ihe ind htalbnsLadal aioli al ES P2.3/CTSO 
AD15/CAS2 | Name | Pin | | INTS P2.2/BCLKO 
(A15/CAS2) INT6 P2.1/TXDO 


A16/S3 P2.0/RXDO 
A17/S4 


A18/S5 


INT7 


P3.5 


A19/S6/ONCE P3.4 
P3.3/DMAI1 
P3.2/DMAIO 
P3.1/TXI1 


P3.0/RXI1 


TOIN 
TOOUT 
T1IN 

T10UT 


DRQO 
DRQ1 
DRQ2 
DRQ3 


WDTOUT 
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Table 6. QFP Package Location with Pin Names 


P2.7/CTS1 
P3.0/RXI11. 
P3.1/TXI1 
DMAIO/P3.2 
DMAI1/P3.3 
P3.4 AD15 (A15) 
P3.5 AD14 (A14) 
INTO AD13 (A13) 
INT1 AD12 (A12) 
INT2 AD11 (A11) 
INT3 AD10 (A10) 
INTA AD9 (AQ) 
NCS (N.C.) AD8 (A8) 
WDTOUT 
Vss 
Vcc 
Vss 
INT4 
—INT5 
INT6 
INT7 
HOLD 
HLDA 
DT/R 
DEN 


ADO 
A19/S6/ONCE 
A18/S5 
A17/S4 
A16/S3 


CLKOUT 
RESOUT 
RESIN 
PDTMR 
CLKIN 
OSCOUT 
Vss 
Voc 
Voc 
Vss 
P2.0/RXDO 
P2.1/TXDO 
P2.2/BCLKO 
P2.3/CTSO 
P2.4/RXD1 
P2.5/TXD1 
P2.6/BCLK1 


PEREQ (Vss) 
NMI 
TEST 
ERROR (Vcc) 
READY 
Voc 
Vss 
UCS 
LCS 


O 
9) 
pS 


9) 
” 
a) 
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‘ nN = 80C 186EC/188EC, 80L186EC/ 188EC 


8001 A16/S3 

7903 A17/S4 

7803 A18/S5 

772 A19/S6/0NCE 

6 1 (J AD 10 (A10) 

60-3 AD11 (A11) 

594. ADT2 (A12) 

58 AD13/CASO (A13/CASO) 
577 AD14/CAS1 (A14/CAS1) 
56 (J AD15/CAS2 (A15/CAS2) 


63] AD8 (A8) 
62(——J ADO (AQ) 
54(-——J BHE (RFSH) 


So) 

Si 

$2 

(Voc) PEREQ 

NMI 

(TEST) TEST/BUSY 
(Vgg) ERROR 
READY 


S80C186EC20 


XXXXXXXXXA (SEE NOTE) 


WDTOUT 
.7/GCS7 NCS (N.C.) 
.6/GCS6 INTA 
.5/GCS5 INT3 
.4/GCS4 INT2 
.3/G6CS3 INT 1 
.2/G6CS2 INTO 
.1/G6CS1 P3.5 
.0/GCSO P3.4 


—| 
oO 
ae) 


WwW 
—_ 


RESIN Co 11 


CLKOUT Daas 9 
RESOUT Coaa10 
PDTMR C412 
CLKIN Ea 1S 
OSCOUT L414 
P2.0/RXDO0 D419 
P2.t/RDo L__. 20 
P2.2/BELKO E21 
P2.3/¢1Ts0 FL) 22 
P2.4/RXD10——j 23 
P2.5/TXD1 Et 24 
P2.6/BCLK 1 23 25 
P2.7/CIS 1b 26 
P3.0/RXI1 C3 27 
P3.17 Tt 28 
DMAIO/P3.2 3 29 
DMAI1/P3.3 [3 30 
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NOTE: 
This is the FPO number location (indicated by X’s). 


Figure 5. Quad Flat Pack (EIAJ) Pinout Diagram 
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Table 7. SQFP Pin Functions with Location 


RESIN UcSs 
RESOUT [cs 

CLKIN 

OSCOUT P1.0/GCS0 
CLKOUT P1.1/GCS1 
TEST/BUSY P1.2/GCS2 
NMI P1.3/GCS3 
INTO P1.4/GCS4 
INT1 P1.5/GCS5 
INT2 P1.6/GCS6 
INT3 P1.7/GCS7 
INT4 

INT5 P2.0/RXDO 
INT6 P2.1/TXDO 
INT7 P2.2/BCLKO 
INTA | P2.3/CTSO 
PEREQ (Vcc) P2.4/RXD1 
ERROR (Vss) P2.5/TXD1 
NCS (N.C.) P2.6/BCLK1 
PDTMR P2.7/CTS1 


ADO 

AD1 

AD2 

AD3 

AD4 

AD5 

AD6 

AD7 

AD8 (A8) 
AD9 (AQ) 
AD10 (A10) 
AD11 (A711) 
AD12 (A12) 
AD13 (A13) 
AD14 (A14) 
AD15 (A15) 
A16 

A17 

A18 
A19/ONCE 


P3.0/RXI1 
P3.1/TXI1 
P3.2/DMAIO 
P3.3/DMAI1 
P3.4 

P3.5 


DRQO 
DRQ1 
DRQ2 
DRQ3 


TOIN 
TOOUT 
T1IN 
T10OUT 
WDTOUT 
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Table 8. SQFP Pin Locations with Pin Names 


; 
2 
3 
4 
5 
6 
7 
8 
9 

10 


sy 
— 


ee ee oe oe ae a 
OOnN ODO & W NP 


mM MM DM ND PY 
ah wONM — © 
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CLKOUT 
RESOUT 
RESIN 
PDTMR 
CLKIN 
OSCOUT 
Vss 

Vcc 

Yor 

Vss 
P2.0/RXDO 
P2.1/TXDO 
P2.2/BCLKO 
P2.3/CTSO 
P2.4/RXD1 
P2.5/TXD1 
P2.6/BCLK1 
P2.7/CTS1 
P3.0/RXI1 
P3.1/TXI1 


P3.2/DMAI0O 
P3.3/DMAI1 
P3.4 

P3.5 

INTO 

INT1 

INT2 

INT3 

INTA 

NSC (N.C.) 
WDTOUT 
Vss 

Voc 

Vss 


INT5 
INT6 
INT7 
HOLD 
HLDA 


DT/R 
DEN 
LOCK 
W 


D 


BHE (RFSH) 
ALE 

AD15 (A15) 
AD14 (A14) 
AD13 (A13) 
AD12 (A12) 
AD11 (A11) 
AD10 (A10) 
AD9 (AQ) 
AD8 (A8) 
Vss 

Vcc 

AD7 (A7) 
AD6 (A6) 
AD5 

AD4 

Vcc 

Vss 

Voc 

AD3 

AD2 

AD1 

ADO 
A19/ONCE 
AD18 


PEREQ (Vcc) 
MNI 
TEST/BUSY 
(TEST) 
ERROR (Vss) 
READY 


Voc 


Vss_ 

UCS 

LCs 
P1.7/GCS7 
P1.6/GS6 
P1.5/GCS5 
P1.4/GCS4 
P1.3/GCS3 
P1.2/GCS2 
P1.1/GCS1 
P1.0/GCSO 
DRQO 
DRQ1 
DRQ2 
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DRQ3 
TOOUT 
TOIN 
T10UT 
T1IN 
CLKOUT 
RESOUT 
RESIN 
PDTMR 
CLKIN 
OSCOUT 
Vss 

Vec 

Voc 

Vss 
P2.0/RXDO 
P2.1/TXDO 
P2.2/BCLKO 
P2.3/CTSO 
P2.4/RXD1 
P2.5/TXD1 
P2.6/BCLK1 
P2.7/CTS1 
P3.0/RXI1 
P3.1/TXI1 


NOTE: 


OnN OUP WD 


00 FJ DRQ2 


et 


DMAIO/P3.2 Co 26 


DMAI1/P3.3 C3 27 


97 E—) P1.0/GCSO 
96 [—) P1.1/GCS1 
95 —— P1.2/GCS2 
94 FJ) P1.3/GCS3 
93 —) P1.4/GCS4 
92 EJ P1.5/6CS5 
91 J) P1.6/GCS6 
90 [—) P1.7/GCS7 


85 FJ READY 


84 —IERROR (Voc) 
83 —I TEST/BUSY (TEST) 


SB80C186EC20 
XXXXXXXXXA (SEE NOTE) 


(N.C.) NCS C35 


This is the FPO number location (indicated by X’s) 
Figure 6. 100-Pin Shrink Quad Flat Pack Package (SQFP) 
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WDTOUT Lo 36 


8 1 FI PEREQ (Vcc) 


77 A16/S3 
76 — A17/S4 


A18/S5 
A19/S6/ONCE 
ADO 

AD1 

AD2 

AD3 

Voc 

Vss 

Voc 


ADS 

AD6 

AD7 

Voc 

Vss 

AD8 (A8) 

AD9 (AQ) 

AD10 (A10) 

AD11 (A11) 

AD12 (A12) 
AD13/CASO (A13) 
AD14/CAS1 (A14) 
AD15/CAS2 (A15) 
ALE 

BHE 
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Package Thermal Specifications 


The 80C186EC/80L186EC is specified for operation 
when Tc (the case temperature) is within the range 
of — 40°C to + 100°C. Tc may be measured in any 
environment to determine whether the processor is 
within the specified operating range. The case tem- 
perature must be measured at the center of the top 
. Surface. 


80C186EC/188EC, 80L186EC/188EC 


Ta (the ambient temperature) can be calculated | 
from @ca (thermal resistance from the case to ambi- 
ent) with the following equation: 


Ta = To = ©" OGa 


Typical values for 6c, at various airflows are given 
in Table 9. P (the maximum power consumption— 
specified in Watts) is calculated by using the maxi- 
mum Icc and Vcc of 5.5V. 


Table 9. Thermal Resistance (@c,) at Various Airflows (in °C/ Watt) 


Oca (PQFP) 
dca(arP) | 645 
@ca(SQFP) | 620 | TBD 
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Airflow in ft/min (m/sec) i 


400 600 800 1000 
(2.03) (3.04) (4.06) (5.07) 


TBD 
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ELECTRICAL SPECIFICATIONS 


Absolute Maximum Ratings 


Storage Temperature .......... —65°C to + 150°C 
Case Temperature Under Bias... —65°C to + 100°C 
Supply Voltage 

with Respect to Vss ........... —0.5V to + 6.5V 
Voltage on Other Pins 

with Respect to Vss ...... —0.5V to Voc + 0.5V 


Recommended Connections 


Power and ground connections must be made to 
multiple Voc and Vsg pins. Every 80C186EC-based 
circuit board should include separate power (Vcc) 
and ground (Vss) planes. Every Vcc pin must be 
connected to the power plane, and every Vss pin 
must be connected to the ground plane. Liberal de- 
coupling capacitance should be placed near the 
processor. The processor can cause transient pow- 
er surges when its output buffers transition, particu- 
larly when connected to large capacitive loads. 
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NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. Verify with 
your local Intel Sales office that you have the latest 
data sheet before finalizing a design. 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance is reduced by placing the de- 
coupling capacitors as close as possible to the proc- 
essor Vcc and Vss package pins. 


Always connect any unused input to an appropriate 
signal level. In particular, unused interrupt inputs 
(NMI, INTO:7) should be connected to Vss through a 
pull-down resistor. Leave any unused output pin un- 
connected. 
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DC SPECIFICATIONS (80C186EC/80C 188EC) 


Voc 
VIL 
VIH 
Vou Pt Soe 
Von | Output High Voltage Veo - 05} == | V_| tog = —2 mA (Min) 
lu 
CLKIN, TEST/BUSY, NMI, INT7:0, 
ILo 
loc Supply Current Cold (in RESET) (Note 3) 
80C186EC20 100 mA 
80C186EC13 70 mA 
lip. 
Cin 
1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vcc, and temperature with ALL 


Supply Voltage 
Input Hysteresis on RESIN ae es ee eee 
Input Leakage Current for Pins: +15 wA |0<Vin< Voc 
TOIN, T1IN, P2.7-P2.0, P3.5-—P3.0, 
DRQ3:0, PEREQ, ERROR 
Supply Current in Idle Mode (Note 4) 
80C186EC20 76 mA 
80C186EC13 50 mA 
Supply Current in Powerdown Mode (Note 5) 
80C186EC20 100 pA 
80C186EC13 100 pA 
current than specified (on any of these pins) may invoke a factory test mode. 
2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Voc or GND. 
5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Voc, and temperature with 


[Vi___| Input Low Voltage | -05 | 0.3Vo0 
|Vor__| Output Low Voltage 
AD15:0 (AD7:0, A15:8), READY, 
HOLD, RESIN, 
luv Input Leakage for Pins with Pullups 275 mA | Vin = 0.7 Voc 
Active During Reset: (Note 1) 
A19:16, LOCK 
Output Leakage for Floated Output +15 wA | 0.45 < Vout < Vcc 
Pins (Note 2) | 
input Pin Capacitance Poe | ae. Page| Tee ee 
Output Pin Capacitance Rp fo ae pe hie = MeO) 
NOTES: | 
3. Measured with the device in RESET and at worst case frequency, Vcc, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Voc or GND. 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Vcc or GND. 
6. Output Capacitance is the capacitive load of a floating output pin. 
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DC SPECIFICATIONS (80L186EC/80L188EC) 


Supply Voltage 


lu Input Leakage Current for Pins: 
AD15:0 (AD7:0, A15:8), READY, 
HOLD, RESIN, CLKIN, 
TEST/BUSY, NMI, INT7:0, 
TOIN, T1IN, P2.7—P2.0, P3.5—P3.0, 
DRQ3:0, PEREQ, ERROR 


Input Leakage for Pins with Pullups 
Active During Reset: 
A19:16, LOCK 


ILo Output Leakage for Floated Output 
Pins 
Ioc Supply Current Cold (in RESET) 
80L186EC-13 
Supply Current in Idle Mode ) 
80C186EC-13 
Supply Current in Powerdown Mode 
80C186EC-13 
Input Pin Capacitance 
Output Pin Capacitance 


NOTES: 

1. These pins have an internal pull-up device that is active while RESIN is low and ONCE Mode is not active. Sourcing more 
current than specified (on any of these pins) may invoke a factory test mode. 

2. Tested by outputs being floated by invoking ONCE Mode or by asserting HOLD. 

3. Measured with the device in RESET and at worst case frequency, Vcc, and temperature with ALL outputs loaded as 
specified in AC Test Conditions, and all floating outputs driven to Voc or GND. 

4. Measured with the device in HALT (IDLE Mode active) and at worst case frequency, Vcc, and temperature with ALL 
outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Voc or GND. 

5. Measured with the device in HALT (Powerdown Mode active) and at worst case frequency, Voc, and temperature with 
ALL outputs loaded as specified in AC Test Conditions, and all floating outputs driven to Voc or GND. 

6. Output Capacitance is the capacitive load of a floating output pin. 
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Icc versus Frequency and Voltage 

The Icc consumed by the processor is composed of 


two components: 


1. lIpp—The quiescent current that represents inter- 
nal device leakage. Measured with all inputs at 
either Vcc or ground and no clock applied. 

2. Iccs—The switching current used to charge and 
discharge internal parasitic capacitance when 
changing logic levels. Iccs is related to both the 
frequency of operation and the device supply 
voltage (Vcc). Iccs is given by the formula: 


Power = V* 1 = V2 * Copy * f 


. locs = V * Coey *f 


Where: 
V = Supply Voltage (Vcc) 
Cpev = Device Capacitance 
f = Operating Frequency 


Measuring Cpp on a device like the 80C186EC 
would be difficult. Instead, Cpp is calculated using 
the above formula with Icc values measured at 
known Vcc and frequency. Using the Cpp value, the 
user can calculate Icc at any voltage and frequency 
within the specified operating range. 


Example. Calculate typical Icoc at 14 MHz, 5.2V Vcc. 


| icc =-lIpp + locs 
0.1 mA + 5.2V * 0.77 * 14 MHz 


56.2 mA 


CPD (idle Mode) 


NOTES: 
1. Maximum Cpp is measured at 


80C186EC/188EC, 80L186EC/188EC 


PDTMR Pin Delay Calculation 


The PDTMR pin provides a delay between the as- 
sertion of NMI and the enabling of the internal 
clocks when exiting Powerdown Mode. A delay is 
required only when using the on chip oscillator to 
allow the crystal or resonator circuit to stabilize. 


NOTE: 
The PDTMR pin function does not apply when 
RESIN is asserted (i.e. a device reset while in Pow- 
erdown is similar to a cold reset and RESIN must 
remain active until after the oscillator has stabilized. 


To calculate the value of capacitor to use to provide 
a desired delay, use the equation: 


440 X t = Cpp (5V, 25°C) 
Where: 


t = desired delay in seconds 
Cpp = capacitive load on PDTMR in microfarads 


Example. For a delay of 300 us, a capacitor value of 
Cpp = 440 x (300 x 10-6 = 0.132 pF is required. 
Round up to a standard (available) capacitor value. 


NOTE: 
The above equation applies to delay time longer 
than 10 ys and will compute the TYPICAL capaci- 
tance needed to achieve the desired delay. A delay 
variance of +50% to —25% can occur due to 
temperature, voltage, and device process ex- 
tremes. In general, higher Vcc and/or lower tem- 
peratures will decrease delay time, while lower Voc 
and/or higher temperature will increase delay time. 


| Units | Notes 


— 40°C with all outputs loaded as specified in the AC test conditions and the device in reset 


(or Idle Mode). Due to tester limitations, CLKOUT and OSCOUT also have 50 pF loads that increase Icc by V*C*F. 
2. Typical Cpp is calculated at 25°C assuming no loads on CLKOUT or OSCOUT and the device in reset (or Idle Mode). 
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AC SPECIFICATIONS 
AC Characteristics—80C 186EC-20/80C 186EC-13 


CLKIN Frequency 
CLKIN Period 
CLKIN High Time 
CLKIN Low Time 
CLKIN Rise Time 
CLKIN Fall Time 


CLKIN to CLKOUT Delay 
CLKOUT Period 
CLKOUT High Time 
CLKOUT Low Time 
CLKOUT Rise Time 
CLKOUT Fall Time 


GCS7:0, LCS, UGS, 
RD, WR, NCS, WDTOUT 


TcHor |RD, WR, BHE (RFSH), DT/R, LOCK, 
$2:0, A19:16 


Toor [DEN piso @oro.aiss) =f 0 ~| a | 0 | 90 [re 


INPUT REQUIREMENTS 


Tooigs | TEST, NMI, T1IN, TOIN, READY, 
CTS1:0, BCLK1:0, P3.4, P3.5 


NOTES: 

1. See AC Timing Waveforms, for waveforms and definition. 

2. Measure at Vi} for high time, Vi for low time. 

3. Only required to guarantee Icc. Maximum limits are bounded by To, Tox and Tc. 
4. Specified for a 50 pF load, see Figure 14 for capacitive derating information. 
5. Specified for a 50 pF load, see Figure 15 for rise and fall times outside 50 pF. 
6. See Figure 15 for rise and fall times. 

7. TcHov1 applies to BHE (RFSH), LOCK and A19:16 only after a HOLD release. 
8. TcHove2 applies to RD and WR only after a HOLD release. 

9. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold are required for proper operation. 
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CLKIN Frequency 
CLKIN Period 
CLKIN High Time 
CLKIN Low Time 
CLKIN Rise Time 
CLKIN Fall Time 


CLKIN to CLKOUT Delay 20 

CLKOUT Period 2 TC 

CLKOUT High Time (T/2) — 5 (T/2) + 5 

CLKOUT Low Time (T/2}).— 5 (T/2) + 5 

CLKOUT Rise Time 10 

CLKOUT Fall Time 10 
OUTPUT DELAYS 


§2:0, DT/R, BHE, LOCK 


GCS7:0 
LOCK, RESOUT, HLDA, TOOUT, T1OUT 


tow R, AD15:0 (AD7:0, A15:8), BHE 
NCS, INTA, DEN 
GSC7:0, ICS, UCS 3 
S2-0, A19:16 


TCHOF RD, WR, BHE (RFSH), DT/R, LOCK, 
$2:0, A19:16 
DEN, AD15:0 (AD7:0, A15:8) 
INPUT REQUIREMENTS 


TouHIS TEST, NMI, T1IN, TOIN, READY, 
CTS1:0, BCLK1:0, P3.4, P3.5 

TCHIH TEST, NMI, T1IN, TOIN, READY, 
CTS1:0, BCLK1:0, P3.4, P3.5 


AD15:0 (AD7:0), READY pe aye 


AD15:0 (AD7:0), READY 
HOLD, RESIN, PEREQ, ERROR, DRQ3:0 
HOLD, RESIN, REREQ, ERROR, DRQ3:0 


NOTES: 

1. See AC Timing Waveforms, for waveforms and definition. 

2. Measure at Vi for high time, Vj, for low time. 

3. Only required to guarantee Icc.. Maximum limits are bounded by Tc, TcH and Tc. 
4. Specified for a 50 pF load, see Figure 14 for capacitive derating information. 

5. Specified for a 50 pF load, see Figure 15 for rise and fall times outside 50 pF. 
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AC Characteristics—80L186EC (Continued) 


NOTES: 

6. See Figure 15 for rise and fall times. 

7. TcHovi applies to BHE (RFSH), LOCK and A19:16 only after a HOLD release. 
8. TcHove applies to RD and WR only after a HOLD release. 

9. Setup and Hold are required to guarantee recognition. 

10. Setup and Hold are required for proper operation. 


Relative Timings (80C 186EC-20/ 13, 80L186EC13) 


| Symbol | Parameter | Min. =| Max | Unit | Notes 
| Tin | AlEActvePusowiatn | T- 45 | | ns | 
| Tavu | ADValid Setup before ALE Fas | veT-10 | | ons, | 
| Tur | ChipSelect Valid before ALE Falls | veT-10 | | ons | Ot 
| Tuax | ADHoldafter ALE Falls | eT 10 | 
| Tum | ALEFaliingtoWRFaling | eT 15 | 
| Tun | ALEFalingtoRDFaling | eT 15 | 

Pees 

Veal 

mae 


| Tarr. | ADFloattoRDFalling =| 
RD Active Pulse Width er ey 

| TwowH | WhActivePulsewidth =| aT-5 | | oms | 
| Trax | FDRisingtoNextAddress Active =| T-15 | | ons | 
| Twuox | OutputDataHoldafterWRRising | T-15 | | ons | 
| Twpn | WRRisetoChipSelectRise || %T-10 | | sons | 1 
| Trp | RDRisetoChipSelectRise Ss || T-10 | =| sons | ot 


TPHPL Chip Select Inactive to Next Chip Vat — 1G 
Select Active 


ONCE Active Setup to RESIN Rising 


| Be eee ee 
ONCE Hold after RESIN Rise ee Me eee sie eS 
THHIL INTA High to Next INTA Low 4T-5 
during INTA Cycle 
INTA Active Pulse Width ie te ea Sa) ae 


TOVIL CAS2:0 Setup before 2nd INTA 
Pulse Low 
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Parameter 


| Max | unit | Notes 


RELATIVE TIMINGS 
CAS2:0 Hold after 2nd INTA Pulse Low 


Interrupt Resolution Time 
IR Low Time to Reset Edge Detector 
IR Hold Time after 1st INTA Falling 


NOTES: 

1. Assumes equal loading on both pins. 

2. Can be extended using wait states. 

3. Interrupt resolution time is the delay between an unmasked interrupt request going active and the interrupt output of the 
8259A module going active. This is not directly measureable by the user. For interrupt pin INT7 the delay from an active 
signal to an active input to the CPU would actually be twice the Tjpes value since the signal must pass through two 8259A 
modules. 

4. See INTA Cycle Waveforms for definition. 

5. To guarantee interrupt is not spurious. 


> 
| 


Serial Port Mode 0 Timings (80C 186EC-20/ 13, 80L186EC13) 


| Symbol Parameter | Min | Max] Unit | Notes | 
RELATIVE TIMINGS 

TXD Clock Period ey 

TXD Clock Low to Clock High (N > 1) 

TXD Clock Low to Clock High (N = 1) 

TXD Clock High to Clock Low (N > 1) 

TXD Clock High to Clock Low (N = 1) 


TQVXH RXD Output Data Setup to TXD (n — 1)T — 35 
Clock High (N > 1) 

TQVXH RXD Output Data Setup to TXD T- 35 
Clock High (N = 1) 

TXHOX RXD Output Data Hold after TXD 2T — 35 
Clock High (N > 1) 


TxXHOQX RXD Output Data Hold after TXD i ok ee 
Clock High (N = 1) 
TXHQZ RXD Output Data Float after Last T+ 20 
TXD Clock High 
TDVXH RXD Input Data Setup to TXD T+ 20 
Clock High 
TXHDX RXD Input Data Setup after TXD 
Clock High 


NOTES: ; 
1. See Figure 13 for Waveforms. 
2. nis the value in the BxCMP register ignoring the ICLK bit. 
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AC TEST CONDITIONS 


The AC specifications are tested with the 50 pF load di 
shown in Figure 7. See the Derating Curves section +t. 
to see how timings vary with load capacitance. 


OUTPUT 


272434-6 


er ; C. = 50 pF for all signals 
Specifications are measured at the Voc/2 crossing : . , 


point, unless otherwise specified. See AC Timing Figure 7. AC Test Load 
Waveforms for AC specification definitions, test pins 
and illustrations. 


AC TIMING WAVEFORMS 


CLKOUT 


272434-7 


Figure 8. Input and Output Clock Waveforms 
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50% CLKOUT 


FLOAT (NOTE) 
20%Vog < FLOAT < 80%Vo¢ 
V 


cc 


FLOAT (NOTE) 
20% Voce < FLOAT < 80% Voc 


272434-8 


Figure 9. Output Delay and Float Waveforms 


50% CLKOUT 


ol 


Figure 10. Input Setup and Hold 


272434-9 


272434-10 


Figure 11. Relative Interrupt Signal Timings 
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CLKOUT 


Vec 
ADO:15 (ADO:7), 
A19:16 (A19:8) 
Ov 


Vec 
RD or WR 


A19/ONCE 


272434-11 


272434-12 


Figure 13. Serial Port Mode 0 Waveform 
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80C 186EC/188EC, 80L186EC/188EC 


Veo = SV 


272434-13 


Figure 14. Typical Output Delay Variations versus Load Capacitance 


DELAY (ns) 


Veo = SV 
Taye B 25°C 


272434-14 


Figure 15. Typical Rise and Fall Variations versus Load Capacitance 


RESET 


The processor will perform a reset operation any 
time the RESIN pin is active. The RESIN pin is syn- 
chronized before it is presented internally, which 
means that the clock must be operating before a 
reset can take effect. From a power-on state, RESIN 
must be held active (low) in order to guarantee cor- 
rect initialization of the processor. Failure to pro- 
vide RESIN while the device is powering up will 
result in unspecified operation of the device. 


Figure 16 shows the correct reset sequence when 
first applying power to the processor. An external 
clock connected to CLKIN must not exceed the Voc 
threshold being applied to the processor. This is nor- 
mally not a problem if the clock driver is supplied 
with the same Vcc that supplies the processor. 
When attaching a crystal to the device, RESIN must 
remain active until both Vcc and CLKOUT are stable 
(the length of time is application specific and de- 
pends on the startup characteristics of the crystal 
circuit). The RESIN pin is designed to operate cor- 


PRELIMINARY 


rectly using a RC reset circuit, but the designer must 
ensure that the ramp time for Vcc is not so long that 
RESIN is never sampled at a logic low level when 
Voc reaches minimum operating conditions. 


Figure 17 shows the timing sequence when RESIN 
is applied after Vcc is stable and the device has 
been operating. Note that a reset will terminate all 
activity and return the processor to a known operat- 
ing state. Any bus operation that is in progress at the 
time RESIN is asserted will terminate immediately 
(note that most control signals will be driven to their 
inactive state first before floating). 


While RESIN is active, bus signals LOCK, 
A19/S16/ONCE and A18:16 are configured as in- 
puts and weakly held high by internal pullup transis- 
tors. Only A19/ONCE can be overdriven to a low 
and is used to enable the ONCE Mode. Forcing 
LOCK or A18:16 low at any time while RESIN is low 
is prohibited and will cause unspecified device oper- 
ation. 
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OV UN ANAVAVIVATAAVAVIVATAVAVIVIVAAVAVIVAAVAYAVIVAVANAVAN 


Vec Vec and CLKIN Stable to Outputs Valid 


28 CLKIN Periods (Max) 


CLKOUT 


UCS, LCS, 
GCS7:0, 
TOUT, T10UT, 
TXD1:0, NCS, 1 
WDTOUT 


+9 
= = @ aerate 


HLDA, ALE 


A19:16 


AD15:0 (AD7:0, 
A15:8), $2:0, 


BSS III 
ae LESSON VON memeaine arta | | ea: 
DT/R, DEN IO ' 
’ , eotaeel : 
' 
LOCK ' 
RESIN 
Fat ata atartatatatatatatat. Yat, 
PORK KKK IK ol 
RESOUT ororererererereretorererereee er’ 


SOOO IK OD 
020.0. 0.0.0.0. 0.0.0. 0-0. 6.0.0.0 04 


Vec and CLKIN Stable to Reset high, approximately 532 CLKIN periods Resets High to First Bus Activity, 7 CLKOUT periods 


NOTE: 


CLKOUT synchronization occurs on the rising edge of RESIN. If RESIN is sampled high while CLKOUT is high (solid line), then CLKOUT will remain low for two CLKIN 


periods. If RESIN is sampled high while CLKOUT is low (dashed line), then CLKOUT will not be affected. 
Pin names in parentheses apply to 80C188EC/80L188EC. 
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93881 /D3981 108 ‘OA88l/93981908 


ABYNIMI Talal 


€c0-e 


SULIOJOABM LASAH Wie “21 e1nbI4 


CLKOUT 


UCS, LCS, 
GCS7:0, 
TOUT, T10UT, 
TXD1:0, NCS, 
WDTOUT 


HLDA, ALE 


oo eee 
'] 
i 
{ 
] 
re Se ee 


A19:16 


AD15:0 (AD7:0, 


A15:8 S$2:0 0,000 @ ° ©. 2.9.2. S OOPS PPO D POPP DO ODDO ODO DODDS OCS POD OOOO OSL OOPS P DOSS ® 

), $ oe ter eetetee eee OOOO OOOO EO ONOE 
RD, WR, 

DT/R, DEN, 


LOCK 


a et 


el eer ete 


RESIN 


RESOUT 


Minimum RESIN Low Time Resets High to First Bus Activity, 7 CLKOUT periods 
4 CLKOUT Periods 


272434-16 


NOTE: 

CLKOUT synchronization occurs on the rising edge of RESIN. If RESIN is sampled high while CLKOUT is high (solid line), then CLKOUT will remain low for two CLKIN 
periods. If RESIN is sampled high while CLKOUT is low (dashed line), then CLKOUT will not be affected. 

Pin names in parentheses apply to 80C188EC/80L188EC. 


93881 /93981 108 ‘93881L/D3981908 


the information present in AC Specifications allow 
the user to determine all the critical timing analysis 


bus signals to CLKOUT. These figures along with 
needed for a given application. 


Figures 18 through 24 present the various bus cy- 
cles that are generated by the processor. What is 
shown in the figure is the relationship of the various 


80C186EC/188EC, 80L186EC/188EC 
BUS CYCLE WAVEFORMS 


CLKOUT 


=) 
| 
| | se oe ead ae 
> 
o 
ve + © 
po | 
OP)’ ez 
<x > 
oO Lu wo 
oe | _ 
a si co 
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A19/ONCE, 


VALID 


DATA VALID 


ADDRESS 


DT/R 
DEN 


272434-17 


Pin names in parentheses apply to 80C188EC/80L188EC. 


Figure 18. Memory Read, I/O Read, Instruction Fetch and Refresh Waveforms 
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A19/ONCE 


) 


RFSH 
(A15:8) 
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BHE 


ADDRESS 


DATA VALID 
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Figure 19. Memory Write and I/O Write Cycle Waveforms 
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CLKOUT 


AD15:0 
NOTES 1,2 


\/ 
(AD7:0) /\ 


272434-19 


NOTES: 
1. Address information is invalid. If previous bus cycle was a read, then the AD15:0 (AD7:0) lines will float during T1. 


Otherwise, the AD15:0 (AD7:0) lines will continue to drive during T1 (data is invalid). All other control lines are in their 


inactive state. 
2. All address lines drive zeros while in Powerdown or Idle Mode. 


Pin names in parentheses apply to 80C188EC/80L188EC. 
Figure 20. Halt Cycle Waveforms 
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CAS (SLAVE ID) VALID 


AD15:13 
(A15:13)/ 
CAS2:0 


BHE (RFSH) 


Ww 
© 


EC/80L18 


C188 


Pin names in parentheses apply to 80 


Figure 21. Interrupt Acknowledge Cycle Waveforms 
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Pin names in parentheses apply to 80C188EC/80L188EC. 


Figure 22. HOLD/HLDA Cycle Waveforms 
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A19/ONCE, 


WR, LOCK 


(A15:8, AD7:0) 
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Figure 23. Refresh during HLDA Waveforms 
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CLKOUT 


A19/ONCE, 


A18:16 


BHE (RFSH) 


VALID 


oO 
Ww 
_ 
(am) 
= @ 


=— 
oO 
~™ 
a 
<< 


(A15:8, 


READY 
UCS, LCS 


GCS7:0, 
1. READY must be low by either edge to cause a wait state. 


NOTES: 


darker lines indicate WRITE cycles. 


Pin names in parentheses apply to 80C188EC/80L188EC. 


2. Lighter lines indicate READ cycles, 


Figure 24. READY Cycle Waveforms 
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80C 186EC/80C188EC EXECUTION 
TIMINGS 


A determination of program execution timing must 
consider the bus cycles necessary to prefetch in- 
structions as well as the number of execution unit 
cycles necessary to execute instructions. The fol- 
lowing instruction timings represent the minimum 
execution time in clock cycles for each instruction. 
The timings given are based on the following as- 
sumptions: 


e The opcode, along with any data or displacement 
required for execution of a particular instruction, 
has been prefetched and resides in the queue at 
the time it is needed. 


e No wait states or bus HOLDs occur. 


e All word-data is located on even-address bound- 
aries (80C186EC only). 


All jumps and calls include the time required to fetch 


the opcode of the next instruction at the destination 
address. 
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80C 186EC/188EC, 80L186EC/188EC 


All instructions which involve memory accesses can 
require one or two additional clocks above the mini- 
mum timings shown due to the asynchronous hand- 
shake between the bus interface unit (BIU) and exe- 
cution unit. 


With a 16-bit BIU, the 80C186EC has sufficient bus 
performance to ensure that an adequate number of 
prefetched bytes will reside in the queue (6 bytes) 
most of the time. Therefore, actual program execu- 
tion time will not be substantially greater than that 
derived from adding the instruction timings shown. 


The 80C188EC 8-bit BIU is limited in its performance 
relative to the execution unit. A sufficient number of 
prefetched bytes may not reside in the prefetch 
queue (4 bytes) much of the time. Therefore, actual 
program execution time will be substantially greater 
than that derived from adding the instruction timings 
shown. 
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INSTRUCTION SET SUMMARY 


80C186EC | 80C188EC 
Function 


DATA TRANSFER 
MOV = Move: 


Register to Register/Memory — 1000100w 


Register/memory to register 1000101Ww mod reg r/m 


Immediate to register/memory mod 000 r/m data data if w=1 8/16-bit 


Immediate to register 1011Ww reg data data if w= 1 8/16-bit 
Memory to accumulator 1010000w addr-high 
Accumulator to memory 1010001w addr-low addr-high 


Register/memory to segment register 10001110 | modOreg r/m 


egment register to register/memory 10001100 | modOreg r/m 


PUSH = Push: 
Memory mod 110 r/m 


Register 01010 reg 


egment register 000reg110 


10001111 mod000 r/m 
01011 reg 
egment register 000reg111 (reg#01) 


XCHG = Exchange: 
Register/memory with register 1000011w mod reg r/m 


Register with accumulator 10010 reg 


IN = Input from: 
Fixed port 1110010w 


ariable port 
OUT = Output to: 
Fixed port 1110011w 


ariable port 1110111w 


XLAT = Translate byte to AL 110TO111 


LEA = Load EA to register 10001101 mod reg r/m 

LDS = Load pointer to DS 11000101 mod reg r/m (mod¥ 11) 
LES = Load pointer to ES 11000100 (mod#11) 
LAHF = Load AH with flags 10011111 

ISAHF = Store AH into fate 19011T10 


PUSHF = Push flags 10011100 


POPF = Pop flags 10011101 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Function 


80C186EC | 80C188EC 


DATA TRANSFER (Continued) 
SEGMENT = Segment Override: 


00101110 
00110110 
00111110 


00100110 


ARITHMETIC 
ADD = Add: 


Reg/memory with register to either 000000dw mod reg r/m 


mod 000 r/m data if s w=01 


data if w=1 8/ 16-bit 


Immediate to register/memory 100000sw 


Immediate to accumulator 0000010w data 


ADC = Add with carry: 


Reg/memory with register to either 000100dw mod reg r/m 


mod010 r/m data ifs w=01 


Immediate to register/memory 100000sw 


Immediate to accumulator 0001010w data data ifw=1 8/16-bit 


NC = Increment: 
Register/memory mod000 r/m 


01000 reg 


Reg/memory and register to either 001010dw mod reg f/m 


“mod 101 r/m data if s w=01 
data data if w=1 8/16-bit 


Immediate from register/memory 100000sw 
Immediate from accumulator 0010110w 


SBB = Subtract with borrow: 


Reg/memory and register to either 000110dw mod reg r/m 


mod 011 r/m data data ifs w=01 
data data if w=1 8/16-bit 


Register/memory mod001 r/m 


Immediate from register/memory 100000sw 


Immediate from accumulator 0001110w 
IDEC = Decrement 


Register 01001 reg 


MP = Compare: 


Register/memory with register mod reg r/m 


Register with register/memory 0011100w mod reg r/m 


mod 111 r/m data ifs w=01 


Immediate with accumulator data data if w= 1 8/16-bit 


Immediate with register/memory 100000sw 


INEG = Change sign register/memory 111101141w | mod011 r/m 

A = ASCIl adjust for add 
IDAA = Decimal adjust for add 00100111 
AAS = ASCIl adjust for subtract 


DAS = Decimal adjust for subtract 


MUL = Multiply (unsigned): 1111011w mod 100 r/m 


Register-Byte 
Register-Word 
emory-Byte 
emory-Word 
Shaded areas indicate instructions not available in 8086/8088 microsystems. 
NOTE: 
*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Function 


ARITHMETIC (Continued) 


IMUL = Integer multiply (signed): 1111011w | mod101 r/m 


Register-Byte 
Register-Word 
Memory-Byte 


DIV = Divide (unsigned): VAT Jw mod 110 r/m 


Register-Byte 
Register-Word 
Memory-Byte 


1111011w | mod111 r/m 
Register-Byte 
Register-Word 
Memory-Byte 
Memory-Word 
AAM = ASCII adjust for multiply 11010100 


00001010 
AAD = ASCIl adjust for divide 00001010 


BW = Convert byte to word 10011000 


WD = Convert word to double word 10011001 


Shift/Rotate Instructions: 
Register/Memory by 1 1101000w 


81/8 


Register/Memory by CL 1101001w 5+n/17+n|5+n/17+n 


TTT instruction 
000 ROL 
001 ROR 
010 

011 RCR 
100 SHL/SAL 
101 SHR 
11 SAR 


Reg/memory and register to either 001000dw 
Immediate to register/memory 1000000w | mod100 r/m data data ifw=1 


Immediate to accumulator 0010010w data data if w=1 8/16-bit 


EST = And function to flags, no result: 


Register/memory and register 1000010w 
Immediate data and register/memory 1111011w | mod000 r/m data data if w=1 
Immediate data and accumulator 1010100w data ifw=1 8/16-bit 


Reg/memory and register to either 000010dw 
Immediate to register/memory 1000000w | mod001 r/m data if w= 1 
Immediate to accumulator 0000110w data if w= 1 8/16-bit 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Function 


LOGIC (Continued) 
XOR = Exclusive or: 


Reg/memory and register to either 001100dw 


Immediate to register/memory 1000000w | mod110 r/m data data ifw=1 


Immediate to accumulator 0011010wW data data if w=1 . 8/16-bit 


INOT = Invert register/memory mod010 r/m 
STRING MANIPULATION 
OVS = Move byte/word 1010010w 


MPS = Compare byte/word 
ISCAS = Scan byte/word 
LODS = Load byte/wd to AL/AX 


STOS = Store byte/wd from AL/AX 


Repeated by count in CX (REP/REPE/REPZ/REPNE/REPNZ) 


IMOVS = Move string 11110010 1010010w 8+8n* 


5+ 22n* 


MPS = Compare string 


ISCAS = Scan string 1111001z 


5+15n* 


LODS = Load string 11110010 6+11n* 


STOS = Store string 11110010 


6+ 9n* 


ONTROL TRANSFER 
ALL = Call: 
Direct within segment 11101000 disp-low disp-high 


Register/memory S40 170771 mod010 r/m 
indirect within segment 


Direct intersegment 10011010 segment offset 


segment selector 


Indirect intersegment mod011 r/m (mod # 11) 


MP = Unconditional jump: 


Short/long 11101011 
Direct within segment disp-high 


mod 100 r/m 


Register/memory 
indirect within segment 


Direct intersegment segment offset 


segment selector 


Indirect intersegment UTTE14:74 mod 101 r/m (mod # 11) 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: , 
*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


80C 186EC 
Function Clock 
Cycles 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within segment 11000011 


Within seg adding immed to SP 11000010 data-low data-high 


Intersegment 11001011 


Intersegment adding immediate to SP 11001010 


data-low data-high 


JMP not 
taken/JMP 
taken 


JE/JZ = Jump on equal/zero 01110100 


JL/JNGE = Jump on less/not greater or equal 0111117100 


JLE/JNG = Jump on less or equal/not greater © fa i a 


JB/JNAE = Jump on below/not above or equal 01110010 


JBE/JNA = Jump on below or equal/not above 01110110 
JP/JPE = Jump on parity/parity even OTT 11010 


JO = Jump on overflow 01110000 


JS = Jump on sign 01111000 


JNE/JNZ = Jump on not equal/not zero 01110101 


JNL/JGE = Jump on not less/greater or equal 01111101 


JNLE/JG = Jump on not less or equal/greater OF TFT 111 


JNB/JAE = Jump on not below/above or equal 01110011 
JNBE/JA = Jump on not below or equal/above 01110111 


JNP/JPO = Jump on not par/par odd 


JNO = Jump on not overflow 01110001 


JNS = Jump on not sign 


JCXZ = Jump on CX zero 11100011 


LOOP = Loop CX times LOOP not 
taken/LOOP 


LOOPZ/LOOPE = Loop while zero/equal 
taken 


LOOPNZ/LOOPNE = Loop while not zero/equal 


INT = Interrupt: 


Type specified 


Z 
8 


Type 3 11001100 if INT. taken/ 


if INT. not 


INTO = Interrupt on overflow 11001110 iakér 


= Interrupt return 11001111 


Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 
*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 
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INSTRUCTION SET SUMMARY (Continued) 


Function Format 


PROCESSOR CONTROL 

LC = Clear carry 11111000 
MC = Complement carry 111101061 
STC = Set carry 141 14700 
LD = Clear direction 1.4.1.147700 
STD = Set direction TIT47101 
Li = Clear interrupt L7147470190 
STI = Set interrupt 11111011 
11110100 
10011011 


LOCK = Bus lock prefix 11110000 


OP = No Operation 10010000 


80C 186EC/188EC, 80L186EC/188EC 


80C186EC | 80C188EC 
Clock Clock Comments 
Cycles Cycles 


(TTT LLL are opcode to processor extension) 
Shaded areas indicate instructions not available in 8086/8088 microsystems. 


NOTE: 


*Clock cycles shown for byte transfers, for word operations, add 4 clock cycles for all memory transfers. 


The Effective Address (EA) of the memory operand 
is computed according to the mod and r/m fields: 


ifmod = 11 thenr/m is treated as a REG field 

if mod = 00 then DISP = 0%, disp-low and disp- 
high are absent 

ifmod = 01 then DISP = disp-low sign-extended 
to 16-bits, disp-high is absent 

if mod = 10 then DISP = disp-high: disp-low 

ifr/m = 000 then EA = (BX) + (SI) + DISP 

ifr/m = 001 then EA = (BX) + (DI) + DISP 

ifr/m = 010 then EA = (BP) + (SI) + DISP 

ifr/m = 011 then EA = (BP) + (DI) + DISP 

ifr/m = 100 then EA = (SI) + DISP 

ifr/m = 101 then EA = (Dl) + DISP 

ifr/m = 110 then EA = (BP) + DISP* 

ifr/m = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 


*except if mod = 00 and r/m = 110 then EA = 
disp-high: disp-low. 


Segment Override Prefix 
00 1 feo 1 1 G} 


- reg is assigned according to the following: 


Segment 
reg Register 
00 ES 
01 CS 
10 SS 
11 DS 
REG is assigned according to the following table: 
16-Bit(w = 1) 8-Bit(w = 0) 
000 AX 000 AL 
001 CX 001 CL 
010 DX 010 DL 
011 BX 011 BL 
100 SP 100 AH 
101 BP 101 CH 
110 SI 110 DH 
111 DI 111 BH 


EA calculation time is 4 clock cycles for all modes, 
and is included in the execution times given whenev- 
er appropriate. 


: PRELIMINARY 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the.ES segment, which may not be overridden. 
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ERRATA 


An 80C186EC/80L186EC with a STEPID value of 
0002H has no known errata. A device with a STEPID 
of 0002H can be visually identified by noting the 
presence of an “A” alpha character next to the 
FPO number or the absence of any alpha character. 
The FPO number location is shown in Figures 4, 5 
and 6. 
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REVISION HISTORY 


This data sheet replaces the following data sheets: 


272072-003 
272076-003 
272332-001 
272333-001 
272373-001 
272372-001 


80C186EC 
80C188EC 
80L186EC 
80L188EC 
SB80C188EC/SB80L188EC 
SB80C186EC/SB80L186EC 


PRELIMINARY 


80C 187 


80-BIT MATH COPROCESSOR 


m@ High Performance 80-Bit Internal. 
Architecture 

= Implements ANSI/IEEE Standard 754- 
1985 for Binary Floating-Point 
Arithmetic 

m Upward Object-Code Compatible from 
8087 

m Fully Compatible with 387DX and 387SX 
Math Coprocessors. Implements all 387 
Architectural Enhancements over 8087 

@ Directly Interfaces with 80C186 CPU 


m 80C186/80C187 Provide a Software/ 
Binary Compatible Upgrade from 
80186/82188/8087 Systems 


m Expands 80C186’s Data Types to 


Include 32-, 64-, 80-Bit Floating-Point, 
32-, 64-Bit Integers and 18-Digit BCD 
Operands 


Directly Extends 80C186’s Instruction 
Set to Trigonometric, Logarithmic, 
Exponential, and Arithmetic 
Instructions for All Data Types 


Full-Range Transcendental Operations 
for SINE, COSINE, TANGENT, 
ARCTANGENT, and LOGARITHM 


Built-In Exception Handling : 
Eight 80-Bit Numeric Registers, Usable 2 
as Individually Addressable General 

Registers or as a Register Stack 


Availabie in 40-Pin CERDIP and 44-Pin 
PLCC Package 


(See Packaging Outlines and Dimensions, Order #231369) 


The Intel 80C 187 is a high-performance math coprocessor that extends the architecture of the 80C186 with 
floating-point, extended integer, and BCD data types. A computing system that includes the 800187 fully 
conforms to the IEEE Floating-Point Standard. The 80C187 adds over seventy mnemonics to the instruction 
set of the 80C186, including support for arithmetic, logarithmic, exponential, and trigonometric mathematical 
operations. The 80C187 is implemented with 1.5 micron, high-speed CHMOS Ill technology and packaged in 
both a 40-pin CERDIP and a 44-pin PLCC package. The 80C187 is upward object-code compatible from the 
8087 math coprocessor and will execute code written for the 80387DX and 80387SX math coprocessors. 


November 1992 
Order Number: 270640-004 
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80C 187 
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INSTRUCTION POINTER 
DATA POINTER 


Figure 2. Register Set 


FUNCTIONAL DESCRIPTION 


The 80C187 Math Coprocessor provides arithmetic 
instructions for a variety of numeric data types. It 
also executes numerous built-in transcendental 
functions (e.g. tangent, sine, cosine, and log func- 
tions). The 80C187 effectively extends the register 
and instruction set of the 80C186 CPU for existing 
data types and adds several new data types as well. 
Figure 2 shows the additional registers visible to pro- 
grams in a system that includes the 80C187. Essen- 
tially, the 80C187 can be treated as an additional 
resource or an extension to the CPU. The 80C186 
CPU together with an 80C187 can be used as a sin- 
gle unified system. : 


A 80C186 system that includes the 80C187 is com- 
pletely upward compatible with software for the 
8086/8087. 


The 80C187 interfaces only with the 80C186 CPU. 
The interface hardware for the 80C187 is not imple- 
mented on the 80C188. 


PROGRAMMING INTERFACE 


The 80C187 adds to the CPU additional data types, 
registers, instructions, and interrupts specifically de- 
signed to facilitate high-speed numerics processing. 
All new instructions and data types are directly sup- 
ported by the assembler and compilers for high-level 
languages. The 80C187 also supports the full 
80387DxX instruction set. 


All communication between the CPU and the 
80C187 is transparent to applications software. The 


CPU automatically controls the 80C187 whenever a 
numerics instruction is executed. All physical memo- 
ry and virtual memory of the CPU are available for 
storage of the instructions and operands of pro- 
grams that use the 800187. All memory addressing 
modes are available for addressing numerics oper- 
ands. 


The end of this data sheet lists by class the instruc- 
tions that the 80C187 adds to the instruction set. 


NOTE: 
The 80C187 Math Coprocessor is also referred to 
as a Numeric Processor Extension (NPX) in this 
document. 


Data Types 


Table 1 lists the seven data types that the 80C187 
supports and presents the format for each type. Op- 
erands are stored in memory with the least signifi- 
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. For maximum system performance, all oper- 
ands should start at even physical-memory address- 
es; operands may begin at odd addresses, but will 
require extra memory cycles to access the entire op- 
erand. 


Internally, the 80C187 holds all numbers in the ex- 
tended-precision real format. Instructions that load 
operands from memory automatically convert oper- 
ands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 64-bit floating-point numbers, or 18- 
digit packed BCD numbers into extended-precision 
real format. Instructions that store operands in mem- 
ory perform the inverse type conversion. 
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-Numeric Operands 


A typical NPX instruction accepts one or two oper- 
ands and produces one (or sometimes two) results. 
In two-operand instructions, one operand is the con- 
tents of an NPX register, while the other may be a 
memory location. The operands of some instructions 
are predefined; for example, FSQRT always takes 
the square root of the number in the top stack ele- 
ment (refer to the section on Data Registers). 


intel. 


Figure 2 shows the 80C187 register set. When an 
80C187 is present in a system, programmers may 
use these registers in addition to the registers nor- 
mally available on the CPU. 


Register Set 


DATA REGISTERS 


80C187 computations use the extended-precision 
real data type. 


Table 1. Data Type Representation in Memory 


Data 
Range 
; | mace 
eee af me 
Sees se | aoe 


pcs 
Packed BCD 18 Digits 
Single Precision | + 10+38 


Most Significant Byte 


Gig, G19, 913 


HIGHEST ADDRESSED BYTE 


MAGNITUDE 
O53 Or be oO, Bie, 


BIASED 
EXPONENT 


Double Precision |= 102208 oe a 


Extended 
Precision 


OTES: 
. S = Sign bit (0 = Positive, 1 = Negative) 
. d, = Decimal digit (two per byte) 


79 


. X = Bits have no significance; 80C187 ignores when loading, zeros when storing 


. 4 = Position of implicit binary point 


. | = Integer bit of significand; stored in temporary real, implicit in single and double precision 


. Exponent Bias (normalized values): 
Single: 127 (7FH) 
Double: 1023 (SFFH) 
Extended Real: 16383 (SFFFH) 

. Packed BCD: (—1)S (Dj7 .. . Dg) 

. Real: (—1)S (2E-BIAS) (Fo, Fy...) 
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The 80C187 register set can be accessed either as 
a stack, with instructions operating on the top one or 
two stack elements, or as individually addressable 
registers. The TOP field in the status word identifies 
the current top-of-stack register. A ‘push’ operation 
decrements TOP by one and loads a value into the 
new top register. A “pop” operation stores the value 
from the current top register and then increments 
TOP by one. The 80C187 register stack grows 
“down” toward lower-addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to use. This explicit 
addressing is also relative to TOP. 


TAG WORD 


The tag word marks the content of each numeric 
data register, as Figure 3 shows. Each two-bit tag 
represents one of the eight data registers. The prin- 
cipal function of the tag word is to optimize the 
NPX’s performance and stack handling by making it 
possible to distinguish between empty and nonemp- 
ty register locations. It also enables exception han- 
dlers to identify special values (e.g. NaNs or denor- 
mals) in the contents of a stack location without the 
need to perform complex decoding of the actual 
data. 


STATUS WORD 


The 16-bit status word (in the status register) shown 
in Figure 4 reflects the overall state of the 80C187. It 
may be read and inspected by programs. 


15 


80C 187 


Bit 15, the B-bit (busy bit) is included for 8087 com- 
patibility only. It always has the same value as the 
ES bit (bit 7 of the status word); it does not indicate 
the status of the BUSY output of 80C187. 


Bits 13-11 (TOP) point to the 80C187 register that 


- is the current top-of-stack. 


The four numeric condition code bits (C3-Co) are 
similar to the flags in a CPU; instructions that per- 
form arithmetic operations update these bits to re- 
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2 
through 5. 


Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR signal is as- 
serted. 


Bit 6 is the stack flag (SF). This bit is used to distin- 
guish invalid operations due to stack overflow or un- 
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (C;) distinguishes between stack 
overflow (C; = 1) and underflow (C; = 0). 


Figure 4 shows the six exception flags in bits 5-0 of 
the status word. Bits 5-0 are set to indicate that the 
80C187 has detected an exception while executing 
an instruction. A later section entitled “Exception 
Handling” explains how they are set and used. 


Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR output of the 
80C187 is activated immediately. 


0 


NOTE: 


The index i of tag(i) is not top-relative. A program typically uses the “top” field of Status Word to determine 
which tag(i) field refers to logical top of stack. . 
TAG VALUES: 

00 = Valid 

01 = Zero 

10 = QNaN, SNaN, Infinity, Denormal and Unsupported Formats 

11 = Empty 


Figure 3. Tag Word 
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BUSY 
TOP OF STACK POINTER 


CONDITION CODE 
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ERROR SUMMARY STATUS 

STACK FLAG 

EXCEPTION FLAGS: 
PRECISION 
UNDERFLOW 
OVERFLOW 
ZERO DIVIDE 


DENORMALIZED OPERAND 
INVALID OPERATION 


ES is set if any unmasked exception bit is set; cleared otherwise. 
See Table 2 for interpretation of condition code. 
TOP values: 

000 = Register 0 is Top of Stack 

001 = Register 1 is Top of Stack 


e 
e 
e 
111 = Register 7 is Top of Stack 
For definitions of exceptions, refer to the section entitled, 
“Exception Handling” 


Figure 4. Status Word 
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CONTROL WORD 


The NPX provides several processing options that are selected by loading a control word from memory into 
the control register. Figure 5 shows the format and encoding of fields in the control word. 


Table 2. Condition Code Interpretation 


FPREM, FPREM1 Three Least Significant Reduction 
(See Table 3) Bits of Quotient 0 = Complete 
Q2 QO e ' 1 = Incomplete 


FCOM, FCOMP, 
FCOMPP, FTST Result of Comparison Zero or Operand is not 
FUCOM, FUCOMP, (See Table 4) O/U Comparable (Table 4) 


FUCOMPP, FICOM, 
Operand Class Sign Operand Class 
(See Table 5) or O/U (Table 5) 


FICOMP 

FCHS, FABS, FXCH, 

FINCSTP, FDECSTP, 

Constant Loads, Zero 

FXTRACT, FLD, UNDEFINED or 0/U UNDEFINED 
FILD, FBLD, — 

FSTP (Ext Real) 


FIST, FBSTP, 

FRNDINT, FST, 

dR Birt! sade UNDEFINED Roundup | UNDEFINED 
FDIV, FDIVR, U 

FSUB, FSUBR, © aioli 

FSCALE, FSQRT, 

FPATAN, F2XM1, 

FYL2X, FYLOXP1 


FPTAN, FSIN, Roundup Reduction 

FCOS, FSINCOS UNDEFINED or O/U, 0 = Complete 
Undefined 1 = Incomplete 
ifC2 = 1 


FLDENV, FRSTOR Each Bit Loaded from Memory 


FLDCW, FSTENV, 
FSTCW, FSTSW, 
FCLEX, FINIT, 
FSAVE 


O/U When both IE and SF bits of status word are set, indicating a stack exception, this bit distinguishes between 
stack overflow (C1 = 1) and underflow (C1 = 0). 

Reduction lf FPREM or FPREM1 produces a remainder that is less than the modulus, reduction is complete. When 
reduction is incomplete the value at the top of the stack is a partial remainder, which can be used as input to 
further reduction. For FPTAN, FSIN, FCOS, and FSINCOS, the reduction bit is set if the operand at the top of 
the stack is too large. In this case the original operand remains at the top of the stack. 

Roundup When the PE bit of the status word is set, this bit indicates whether one was added to the least significant bit of 
the result during the last rounding. | 

UNDEFINED Do not rely on finding any specific value in these bits. 
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as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 
affects only those instructions that perform 
rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex- 


cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 


e The precision control (PC) bits (bits 9-8) can be 


a wa 
al 


80C187 


The low-order byte of this control word configures 
exception masking. Bits 5-0 of the control word 
contain individual masks for each of the six excep- 
tions that the 80C187 recognizes. 


The high-order byte of the control word configures 
the 80C187 operating mode, including precision, 
rounding, and infinity control. 


e The “infinity control bit’ (bit 12) is not meaningful 


to the 80C187, and programs must ignore its val- 
ue. To maintain compatibility with the 8087, this 
bit can be programmed; however, regardless of 
its value, the 80C187 always treats infinity in the 
affine sense (— © < +0). This bit is initialized 
to zero both after a hardware reset and after the 
FINIT instruction. 


used to set the 80C187 internal operating preci- 
sion of the significand at less than the default of 
64 bits (extended precision). This can be useful in 
providing compatibility with early generation arith- 
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SQRT. For all other instructions, either the preci- 


sion is determined by the opcode or extended 


@ The rounding control (RC) bits (bits 11-10) pro- diss 
precision is used. 


vide for directed rounding and true chop, as well 


Table 3. Condition Code Interpretation after FPREM and FPREM1 Instructions 


Interpretation after 
FPREM and FPREM1 


Incomplete Reduction: 
Further Iteration Required 
for Complete Reduction 


Condition Code 


Complete Reduction: 
CO, C3, C1 Contain Three Least 
Significant Bits of Quotient 


TOP > Operand 


TOP < Operand 
TOP = Operand 
Unordered 
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Table 5. Condition Code Defining Operand Class 


PPh Ge CO | Velen TOP 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 


—~-—- OoO°0°co + +|+— += OOD0 Oo 
-—- OoO- =| OO =| =| OO + = OO 


INSTRUCTION AND DATA POINTERS 


Because the NPX operates in parallel with the CPU, 
any exceptions detected by the NPX may be report- 
ed after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numerics instruction, the 80C187 contains registers 
that aid in diagnosis. These registers supply the op- 
code of the failing numerics instruction, the address 
of the instruction, and the address of its numerics 
memory operand (if appropriate). 


The instruction and data pointers are provided for 
user-written exception handlers. Whenever the 
80C187 executes a new ESC instruction, it saves 
the address of the instruction (including any prefixes 
that may be present), the address of the operand (if 
present), and the opcode. 


The instruction and data pointers appear in the for- 
mat shown by Figure 6. The ESC instruction 
FLDENV, FSTENV, FSAVE and FRSTOR are used 
to transfer these values between the registers and 
memory. Note that the value of the data pointer is 
undefined if the prior ESC instruction did not have a 
memory operand. 


Interrupt Description 


CPU interrupt 16 is used to report exceptional condi- 
tions while executing numeric programs. Interrupt 16 
indicates that the previous numerics instruction 
caused an unmasked exception. The address of the 
faulty instruction and the address of its operand are 
stored in the instruction pointer and data pointer reg- 
isters. Only ESC instructions can cause this inter- 


+ Unsupported 
+ NaN 

— Unsupported 
— NaN 

+ Normal 

+ Infinity 

— Normal 

— Infinity 

+ 6 

+ Empty 

—@ 

— Empty 

+ Denormal 

— Denormal 


=— O- Oo =-$" O =+$ O + O = O = O 


rupt. The CPU return address pushed onto the stack 
of the exception handler points to an ESC instruction 
(including prefixes). This instruction can be restarted 
after clearing the exception condition in the NPX. 
FNINIT, FNCLEX, FNSTSW, FNSTENV, and 
FNSAVE cannot cause this interrupt. 


Exception Handling 


The 80C187 detects six different exception condi- 
tions that can occur during instruction execution. Ta- 
ble 6 lists the exception conditions in order of prece- 
dence, showing for each the cause and the default 
action taken by the 80C187 if the exception is 
masked by its corresponding mask bit in the control 
word. 


Any exception that is not masked by the control 
word sets the corresponding exception flag of the 
status word, sets the ES bit of the status word, and 
asserts the ERROR signal. When the CPU attempts 
to execute another ESC instruction, interrupt 16 oc- 
curs. The exception condition must be resolved via 
an interrupt service routine. The return address 
pushed onto the CPU stack upon entry to the serv- 
ice routine does not necessarily point to the failing 
instruction nor to the following instruction. The 
80C187 saves the address of the floating-point in- 
struction that caused the exception and the address 
of any memory operand required by that instruction. 


lf error trapping is required at the end of a series of 
numerics instructions (specifically, when the last 
ESC instruction modifies memory data and that data 
is used in subsequent nonnumerics instructions), it is 
necessary to insert the FNOP instruction to force the 
80C187 to check its ERROR input. 
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RESERVED 


(INFINITY CONTROL) * 
ROUNDING CONTROL 
| | PRECISION CONTROL 


RESERVED 

EXCEPTION MARKS: 
PRECISION 
UNDERFLOW 
OVERFLOW 


ZERO DIVIDE 
DENORMALIZED OPERAND 
INVALID OPERATION 
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Precision Control Rounding Control 

00— 24 Bits (Single Precision) 00— Round to Nearest or Even 

01— (Reserved) 01— Round Down (toward — ©) 

10— 53 Bits (Double Precision) 10— Round Up (toward + o) 

11— 64 Bits (Extended Precision) 11— Chop (Truncate toward Zero) 

*The “infinity control” bit is not meaningful to the 80C187. To maintain compatibility with the 8087, this bit can be 
programmed; however, regardless of its value, the 80C187 treats infinity in the affine sense (— 2 < +0), 


Figure 5. Control Word 
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Figure 6. Instruction and Data Pointer Image in Memory 
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Table 6. Exceptions 


Invalid 
Operation 


form (0* °°, 0/0), (+ ©) 
+ (— ©), etc.), or stack 


Denormalized 
Operand 


Underflow 


Default Action 
(if Exception is Masked) 


Operation on a signalling NaN, 
unsupported format, indeterminate 


overflow/underflow (SF is also set) 


At least one of the operands is 
denormalized, i.e. it has the smallest 
exponent but a nonzero significand 


Zero Divisor The divisor is zero while the dividend Result is 0° 
is a noninfinite, nonzero number 
Overflow | The result is too large in magnitude Result is largest finite 
to fit in the specified format value or °° 
The true result is nonzero but too small 
to be represented in the specified format, and, 


Result is a quiet NaN, 
integer indefinite, or 
BCD indefinite 


The operand is normalized, 
and normal processing 
continues 


Result is denormalized 
or zero 


if underflow exception is masked, denormalization 


causes loss of accuracy 


Inexact 
Result 
(Precision) 
rounding mode 


Initialization 


After FNINIT or RESET, the control word contains 
the value 037FH (all exceptions masked, precision 
control 64 bits, rounding to nearest) the same values 
as in an 8087 after RESET. For compatibility with the 
8087, the bit that used to indicate infinity control (bit 
12) is set to zero; however, regardless of its setting, 
infinity is treated in the affine sense. After FNINIT or 
RESET, the status word is initialized as follows: 


e All exceptions are set to zero. 

e Stack TOP is zero, so that after the first push the 
stack top will be register seven (111B). 

e The condition code C3-Cpo is undefined. 

e The B-bit is zero. 


The tag word contains FFFFH (all stack locations 
are empty). 


80C186/80C187 initialization software should exe- 
cute an FNINIT instruction (i.e. an FINIT without a 
preceding WAIT) after RESET. The FNINIT is not 
strictly required for 80C187 software, but Intel 
recommends its use to help ensure upward compati- 
bility with other processors. 


The true result is not exactly representable 
in the specified format (e.g. 1/3); 
the result is rounded according to the 


Normal processing 
continues 


8087 Compatibility 


This section summarizes the differences between 
the 80C187 and the 8087. Many changes have been 
designed into the 80C187 to directly support the 
IEEE standard in hardware. These changes result in 
increased performance by elminating the need for 
software that supports the standard. 


GENERAL DIFFERENCES 


The 8087 instructions FENI/FNENI and FDISI/ 
FNDISI perform no useful function in the 80C187 
Numeric Processor Extension. They do not alter the 
state of the 80C187 Numeric Processor Extension. 
(They are treated similarly to FNOP, except that 
ERROR is not checked.) While 8086/8087 code 
containing these instructions can be executed on 
the 80C186/80C187, it is unlikely that the exception- 
handling routines containing these instructions will 
be completely portable to the 80C187 Numeric Proc- 
essor Extension. 


The 80C187 differs from the 8087 with respect to 
instruction, data, and exception synchronization. Ex- 
cept for the processor control instructions, all of the 
80C187 numeric instructions are automatically syn- 
chronized by the 80C186 CPU. When necessary, the 
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80C186 automatically tests the BUSY line from the 
80C187 Numeric Processor Extension to ensure that 
the 80C187 Numeric Processor Extension has com- 
pleted its previous instruction before executing the 
next ESC instruction. No explicit WAIT instructions 
are required to assure this synchronization. For the 
8087 used with 8086 and 8088 CPUs, explicit WAITs 
are required before each numeric instruction to en- 
sure synchronization. Although 8086/8087 pro- 
grams having explicit WAIT instructions will execute 
on the 80C186/80C187, these WAIT instructions 
are unnecessary. 


The 80C187 supports only affine closure for infinity 
arithmetic, not projective closure. 


Operands for FSCALE and FPATAN are no longer 
restricted in range (except for + 9°); F2XM1 and 
FPTAN accept a wider range of operands. 


Rounding control is in effect for FLD constant. 


Software cannot change entries of the tag word to 
values (other than empty) that differ from actual reg- 
ister contents. | 


After reset, FINIT, and incomplete FPREM, the 
80C187 resets to zero the condition code bits C3- 
Co of the status word. 


In conformance with the IEEE standard, the 80C187 
does not support the special data formats 
pseudozero, pseudo-NaN, pseudoinfinity, and un- 
normal. . 


The denormal exception has a different purpose on 
the 80C187. A system that uses the denormal-ex- 
ception handler solely to normalize the denormal op- 
erands, would better mask the denormal exception 
on the 80C187. The 80C187 automatically normal- 
izes denormal operands when the denormal excep- 
tion is masked. 


EXCEPTIONS 


A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80C186/80C187: 


1. The 80C186/80C187 traps exceptions only on 
the next ESC instruction; i.e. the 80C186 does not 
notice unmasked 80C187 exceptions on the 
80C186 ERROR input line until a later numerics 
instruction is executed. Because the 80C186 
does not sample ERROR on WAIT and FWAIT 
instructions, programmers should place an FNOP 
instruction at the end of a sequence of numerics 
instructions to force the 80C186 to sample its 
ERROR input. 
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2. The 80C187 Numeric Processor Extension sig- 
nals exceptions through a dedicated ERROR line 
to the CPU. The 80C187 error signal does not 
pass through an interrupt controller (the 8087 INT 
signal does). Therefore, any interrupt-controller- 


oriented instructions in numerics exception han- 
diers for the 8086/8087 should be deleted. 


3. Interrupt vector 16 must point to the numerics ex- 
~ ception handling routine. 


4. The ESC instruction address saved in the 80C187 
Numeric Processor Extension includes any lead- 
ing prefixes before the ESC opcode. The corre- 
sponding address saved in the 8087 does not 
include leading prefixes. 


5. When the overflow or underflow exception is 
masked, the 80C187 differs from the 8087 in 
rounding when overflow or underflow occurs. The 
80C187 produces results that are consistent with 
the rounding mode. 


6. When the underflow exception is masked, the 
80C 187 sets its underflow flag only if there is also 
a loss of accuracy during denormalization. 


7. Fewer invalid-operation exceptions due to denor- 
mal operands, because the instructions FSQRT, 
FDIV, FPREM, and conversions to BCD or to inte- 
ger normalize denormal operands before pro- 
ceeding. 


8. The FSQRT, FBSTP, and FPREM instructions 
may cause underflow, because they support de- 
normal operands. 


9. The denormal exception can occur during the 
transcendental instructions and the FXTRACT in- 
struction. 


10. The denormal exception no longer takes prece- 
dence over all other exceptions. 


11. When the denormal exception is masked, the 
80C187 automatically normalizes denormal op- 
erands. The 8087 performs unnormal arithmetic, 
which might produce an unnormal result. 


12. When the operand is zero, the FXTRACT in- 
struction reports a zero-divide exception and 
leaves — © in ST(1). 


13. The status word has a new bit (SF) that signals 
when invalid-operation exceptions are due to 
stack underflow or overflow. 


14. FLD extended precision no longer reports denor- 
mal exceptions, because the instruction is not 
numeric. 


15. FLD single/double precision when the operand 
is denormal converts the number to extended 
precision and signals the denormalized oper- 
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16. 


17. 


18. 


and exception. When loading a signalling NaN; 
FLD single/double precision signals an invalid- 
operand exception. 3 


The 80C187 only generates quiet NaNs (as on 
the 8087); however, the 80C187 distinguishes 
between quiet NaNs and signalling NaNs. Sig- 
nalling NaNs trigger exceptions when they are 
used as operands; quiet NaNs do not (except for 
FCOM, FIST, and FBSTP which also raise IE for 
quiet NaNs). 

When stack overflow occurs during FPTAN and 
overflow is masked, both ST(0) and ST(1) con- 
tain quiet NaNs. The 8087 leaves the original 
operand in ST(1) intact. 

When the scaling factor is +o, the FSCALE 
(ST(0), ST(1) instruction behaves as follows 
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(ST(0) and ST(1) contain the scaled and scaling 
operands respectively): 


e FSCALE (0, ©) generates the invalid opera- 
tion exception. 


e FSCALE (finite, — 2) generates zero with the 
same sign as the scaled operand. 


e FSCALE (finite, + °°) generates © with the 
same sign as the scaled operand. 


The 8087 returns zero in the first case and rais- 
es the invalid-operation exception in the other 
cases. 


The 80C187 returns signed infinity/zero as the 
unmasked response to massive overflow/under- 
flow. The 8087 supports a limited range for the 
scaling factor; within this range either massive 
overflow/underflow do not occur or undefined 
results are produced. 


Table 7. Pin Summary 


CLock 
ClocKing Mode 
System reset 


Processor Extension 
REQuest 

Busy status 

Error status 


Data pins 


Numeric Processor ReaD 
Numeric Processor WRite 


NPX select #1 
NPX select #2 
CoMmanD 0 
CoMmanD 1 
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HARDWARE INTERFACE 


In the following description of hardware interface, an 
overbar above a signal name indicates that the ac- 
tive or asserted state occurs when the signal is at a 
low voltage. When no overbar is present above the 
signal name, the signal is asserted when at the high 
voltage level. 


Signal Description 

In the following signal descriptions, the 80C187 pins 
are grouped by function as follows: 

1. Execution Control— CLK, CKM, RESET 

2. NPX Handshake— PEREQ, BUSY, ERROR 

3. Bus Interface Pins— D;s5—Dp, NPWR, NPRD 

4. Chip/Port Select— NPS1, NPS2, CMDO, CMD1 
5. Power Supplies— Voc, Vss 


Table 7 lists every pin by its identifier, gives a brief 
description of its function, and lists some of its char- 
acteristics. Figure 7 shows the locations of pins on 
the CERDIP package, while Figure 8 shows the loca- 
tions of pins on the PLCC package. Table 8 helps to 
locate pin identifiers in Figures 7 and 8. 


Clock (CLK) 


This input provides the basic timing for internal oper- 
ation. This pin does not require MOS-level input; it 
will operate at either TTL or MOS levels up to the 
maximum allowed frequency. A minimum frequency 
must be provided to keep the internal logic properly 
functioning. Depending on the signal on CKM, the 
signal on CLK can be divided by two to produce the 
internal clock signal (in which case CLK may be up 
to 32 MHz in frequency), or can be used directly (in 
which case CLK may be up to 12.5 MHz). 


Clocking Mode (CKM) 


This pin is a strapping option. When it is strapped to 
Voc (HIGH), the CLK input is used directly; when 
strapped to Vss (LOW), the CLK input is divided by 
two to produce the internal clock signal. During the 
RESET sequence, this input must be stable at least 
four internal clock cycles (i.e. CLK clocks when CKM 
is HIGH; 2 x CLK clocks when CKM is LOW) before 
RESET goes LOW. 
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TOP VIEW** 


2915 ERROR 


270640-6 
*N.C. = Pin Not Connected 
**“Top View” means as the package is seen from the 
component side of the board. 


Figure 8. PLCC Pin Configuration 
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Table 8. PLCC Pin Cross-Reference 


No Connect 

NPRD 

NPS1 

NPS2 

NPWR 

PEREQ 

RESET 

Vcc 3, 9, 


System Reset (RESET) 


A LOW to HIGH transition on this pin causes the 
80C187 to terminate its present activity and to enter 
a dormant state. RESET must remain active (HIGH) 
for at least four internal clock periods. (The relation 
of the internal clock period to CLK depends on 
CLKM; the internal clock may be different from that 
of the CPU.) Note that the 80C187 is active internal- 
ly for 25 clock periods after the termination of the 
RESET signal (the HIGH to LOW transition of RE- 
SET); therefore, the first instruction should not be 
written to the 80C187 until 25 internal clocks after 
the falling edge of RESET. Table 9 shows the status 
of the output pins during the reset sequence. After a 
reset, all output pins return to their inactive states. 


13, 37, 40 
Vss 1, 4, 10, 30, 36, 38 


29 
6, 11, 23, 33, 40 
30 
38 
37 
31 
of 
39 
1, 3, 10, 15, 42 
2,4, 12, 34, 41, 43 


Table 9. Output Pin Status during Reset 


Processor Extension Request (PEREQ) 


When active, this pin signals to the CPU that the 
80C187 is ready for data transfer to/from its data 
FIFO. When there are more than five data transfers, 
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PEREQ is deactivated after the first three transfers 
and subsequently after every four transfers. This sig- 
nal always goes inactive before BUSY goes inactive. 


Busy Status (BUSY) 


When active, this pin signals to the CPU that the 
80C187 is currently executing an instruction. This 
pin is active HIGH. It should be connected to the 
80C186’s TEST/BUSY pin. During the RESET se- 
quence this pin is HIGH. The 80C186 uses this 
HIGH state to detect the presence of an 80C187. 


Error Status (ERROR) 


This pin reflects the ES bit of the status register. 
When active, it indicates that an unmasked excep- 
tion has occurred. This signal can be changed to 
inactive state only by the following instructions (with- 
out a preceding WAIT): FNINIT, FNCLEX, 
FNSTENV, FNSAVE, FLDCW, FLDENV, and 
FRSTOR. This pin should be connected to the 
ERROR pin of the CPU. ERROR can change state 
only when BUSY is active. 


Data Pins (D;5-Do) 


These bidirectional pins are used to transfer data 
and opcodes between the CPU and 80C187. They 
are normally connected directly to the correspond- 
ing CPU data pins. Other buffers/drivers driving the 
local data bus must be disabled when the CPU 
reads from the NPX. High state indicates a value of 
one. Do is the least significant data bit. 


Numeric Processor Write (NPWR) 

A signal on this pin enables transfers of data from 
the CPU to the NPX. This input is valid only when 
NPS1 and NPS2 are both active. 

Numeric Processor Read (NPRD) 

A signal on this pin enables transfers of data from 


the NPX to the CPU. This input is valid only when 
NPS1 and NPS2 are both active. 


Numeric Processor Selects (NPS1 and NPS2) 
Concurrent assertion of these signals indicates that 


the CPU is performing an escape instruction and en- 
ables the 80C187 to execute that instruction. No 
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data transfer involving the 80C187 occurs unless the 
device is selected by these lines. 


Command Selects (CMDO and CMD1) 


These pins along with the select pins allow the CPU 
to direct the operation of the 800187. 


System Power (Vcc) 


System power provides the +5V +10% DC supply 
input. All Voc pins should be: tied together on the 
circuit board and local decoupling capacitors should 
be used between Vcc and Vss. 


System Ground (Vss) 


All Vss pins should be tied together on the circuit 
board and local decoupling capacitors should be 
used between Vcc and Vss. 


Processor Architecture 


As shown by the block diagram (Figure 1), the 
80C187 NPXxX is internally divided into three sections: 
the bus control logic (BCL), the data interface and 
control unit, and the floating-point unit (FPU). The 
FPU (with the support of the control unit which con- 
tains the sequencer and other support units) exe- 
cutes all numerics instructions. The data interface . 
and control unit is responsible for the data flow to 
and from the FPU and the control registers, for re- 
ceiving the instructions, decoding them, and se- 
quencing the microinstructions, and for handling 
some of the administrative instructions. The BCL is 
responsible for CPU bus tracking and interface. 


BUS CONTROL LOGIC 


The BCL communicates solely with the CPU using 
I/O bus cycles. The BCL appears to the CPU as a 
special peripheral device. It is special in two re- 
spects: the CPU initiates |/O automatically when it 
encounters ESC instructions, and the CPU uses re- 
served I/O addresses to communicate with the BCL. 
The BCL does not communicate directly with memo- 
ry. The CPU performs all memory access, transfer- 
ring input operands from memory to the 80C187 and 
transferring outputs from the 80C187 to memory. A 
dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be- 
tween the CPU and 80C187. 
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Table 10. Bus Cycles Definition 
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DATA INTERFACE AND CONTROL UNIT 


The data interface and control unit latches the data 
and, subject to BCL control, directs the data to the 
FIFO or the instruction decoder. The instruction de- 
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 
in the FIFO. It also triggers the microinstruction se- 
quencer that controls execution of each instruction. 
lf the ESC instruction is FINIT, FCLEX, FSTSW, 
FSTSW AX, FSTCW, FSETPM, or FRSTPM, the 
control executes it independently of the FPU and the 
sequencer. The data interface and control unit is the 
one that generates the BUSY, PEREQ, and ERROR 
signals that synchronize 80C187 activities with the 
CPU. 


FLOATING-POINT UNIT 


The FPU executes all instructions that involve the 
register stack, including arithmetic, logical, transcen- 
dental, constant, and data transfer instructions. The 


Bus Cycle Type 


80C187 Not Selected 
80C187 Not Selected 
Opcode Write to 80C 187 

CW or SW Read from 80C187 
Read Data from 800187 
Write Data to 80C187 

Write Exception Pointers 
Reserved 

Read Opcode Status 
Reserved 


data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high speeds. 


Bus Cycles 


The pins NPS1, NPS2, CMDO, CMD1, NPRD and 
NPWR identify bus cycles for the NPX. Table 10 de- 
fines the types of 80C187 bus cycles. 


80C187 ADDRESSING 


The NPS1, NPS2, CMDO, and CMD1 signals allow 
the NPX to identify which bus cycles are intended for 
the NPX. The NPX responds to I/O cycles when the 
1/O address is OOF8H, OOFAH, OOFCH, or OOFEH. 
The correspondence betwen |/O addresses and 
control signals is defined by Table 11. To guarantee 
correct operation of the NPX, programs must not 
perform any |/O operations to these reserved port 
addresses. 


Table 11. 1/0 Address Decoding 


1/O Address 
(Hexadecimal) | _NPS2___ 


80C 187 Select and Command Inputs 
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CPU/NPX SYNCHRONIZATION 


The pins BUSY, PEREQ, and ERROR are used for 
various aspects of synchronization between the 
CPU and the NPX. 


BUSY is used to synchronize instruction transfer 
from the CPU to the 80C187. When the 80C187 rec- 
ognizes an ESC instruction, it asserts BUSY. For 
most ESC instructions, the CPU waits for the 
80C187 to deassert BUSY before sending the new 
opcode. 


The NPX uses the PEREQ pin of the CPU to signal 
that the NPX is ready for data transfer to or from its 
data FIFO. The NPX does not directly access mem- 
ory; rather, the CPU provides memory access serv- 
ices for the NPX. 


Once the CPU initiates an 80C187 instruction that 
has operands, the CPU waits for PEREQ signals that 
indicate when the 80C187 is ready for operand 
transfer. Once all operands have been transferred 
(or if the instruction has no operands) the CPU con- 
tinues program execution while the 80C187 exe- 
cutes the ESC instruction. 


In 8086/8087 systems, WAIT instructions are re- 
quired to achieve synchronization of both com- 
mands and operands. The 80C187, however, does 
not require WAIT instructions. The WAIT or FWAIT 
instruction commonly inserted by high-level compil- 
ers and assembly-language programmers for excep- 
tion synchronization is not treated as an instruction 
by the 80C186 and does not provide exception trap- 
ping. (Refer to the section “System Configuration for 
8087-Compatible Exception Trapping’”’.) 


Once it has started to execute a numerics instruction 
and has transferred the operands from the CPU, the 
80C187 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR signal, 
which causes a CPU interrupt. 
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OPCODE INTERPRETATION 


The CPU and the NPX use a bus protocol that 
adapts to the numerics opcode being executed. 
Only the NPX directly interprets the opcode. Some 
of the results of this interpretation are relevant to the 
CPU. The NPX records these results (opcode status 
information) in an internal 16-bit register. The 
80C186 accesses this register only via reads from 
NPX port OOFEH. Tables 10 and 11 define the signal 
combinations that correspond to each of the follow- 
ing steps. 

1. The CPU writes the opcode to NPX port OOF8H. 
This write can occur even when the NPX is busy 
or is signalling an exception. The NPX does not 
necessarily begin executing the opcode immedi- 
ately. 


2. The CPU reads the opcode status information 
from NPX port OOFEH. 


3. The CPU initiates subsequent bus cycles accord- 
ing to the opcode status information. The opcode 
status information specifies whether to wait until 
the NPX is not busy, when to transfer exception 
pointers to port OOFCH, when to read or write op- 
erands and results at port OOFAH, etc. 


For most instructions, the NPX does not start exe- 
cuting the previously transferred opcode until the 
CPU (guided by the opcode status information) first 
writes exception pointer information to port OOFCH 
of the NPX. This protocol is completely transparent 
to programmers. 


Bus Operation 


With respect to bus interface, the 80C187 is fully 
asynchronous with the CPU, even when it operates 
from the same clock source as the CPU. The CPU 
initiates a bus cycle for the NPX by activating both 
NPS1 and NPS2, the NPX select signals. During the 
CLK period in which NPS1 and NPS2 are activated, 
the 80C187 also examines the NPRD and NPRW 
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input signals to determine whether the cycle is a 
read or a write cycle and examines the CMDO and 
CMD1 inputs to determine whether an opcode, oper- 
and, or control/status register transfer is to occur. 
The 80C187 activates its BUSY output some time 
after the leading edge of the NPRD or NPRW signal. 


Input and ouput data are referenced to the trailing 
edges of the NPRD and NPRW signals. 


The 80C187 activates the PEREQ signal when it is 
ready for data transfer. The 80C187 deactivates 
PEREQ automatically. 


System Configuration 


The 800187 can be connected to the 80C186 CPU 
as shown by Figure 9. (Refer to the 80C186 Data 
Sheet for an explanation of the 80C186’s signals.) 
This interface has the following characteristics: 


e The 80C187’s NPS1, ERROR, PEREQ, and 
BUSY pins are connected directly to the corre- 
sponding pins of the 80C186. 


AD 15:0 
ALE 


80C186 


RESET 

WR 

RD 
MCS3/NPS 
TEST/BUSY 
MCS1/ERROR 
MCSO/PEREQ 
CLKOUT 


EXTERNAL 
OSCILLATOR 


1X OR 2X 800187 
INTERNAL FREQUENCY 


80C 187 


e The 80C186 pin MCS3/NPS is connected to 
NPS1; NPS2 is connected to Vcc. Note that if the 
80C186 CPU’s DEN signal is used to gate exter- 
nal data buffers, it must be combined with the 
NPS signal to insure numeric accesses will not 
activate these buffers. 


e The NPRD and NPRW pins are connected to the 


RD and WR pins of the 800186. 


e CMD1 and CMDO come from the latched Ao and 


A; of the 80C186, respectively. 


e The 80C187 BUSY output connects to the 


800186 TEST/BUSY input. During RESET, the 
signal at the 80C187 BUSY output automatically 
programs the 80C186 to use the 80C187. 


e The 800187 can use the CLKOUT signal of the 


80C186 to conserve board space when operating 
at 12.5 MHz or less. In this case, the 80C187 
CKM input must be pulled HIGH. For operation in 
excess of 12.5 MHz, a double-frequency external 
oscillator for CLK input is needed. In this case, 
CKM must be pulled LOW. 


ADDRESS 15:0 


CMDO CMD1 


80C187 


CLOCK INPUT 
UNDIVIDED 


CLOCK INPUT 
DIVIDED BY 2 


DATA 15:0 


270640-7 


Figure 9. 80C 186/80C 187 System Configuration 
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System Configuration for 80186/ 
80187-Compatible Exception Trapping 


When the 80C187 ERROR output signal is connect- 
ed directly to the 80C186 ERROR input, floating- 
point exceptions cause interrupt #16. However, ex- 
isting software may be programmed to expect float- 
ing-point exceptions to be signalled over an external 
interrupt pin via an interrupt controller. 


MCS1/ERROR 
RESET 


PCSx 
80C186 


INTx 
TEST/BUSY 


MCS3/PEREQ 


— intel. 


For exception handling compatible with the 80186/ 
82188/8087, the 80C186 can be wired to recognize 
exceptions through an external interrupt pin, as Fig- 
ure 10 shows. (Refer to the 80C186 Data Sheet for 
an explanation of the 80C186’s signals.) With this 
arrangement, a flip-flop is needed to latch BUSY 
upon assertion of ERROR. The latch can then be 
cleared during the exception-handler routine by forc- 
ing a PCS pin active. The latch must also be cleared 
at RESET in order for the 80C186 to work with the 
80C187. 


MCS3/NPS 
RD 
AD15=ADO ae 
WR 
CLKOUT 
DATA 15=0 
NPWR 
NPRD 
OUG Lor 2. 


NPS1 


CKM PEREQ 
BUSY 
ERROR 


RESET 


*For input clocking options, refer to Figure 9. 


270640-8 


Figure 10. System Configuration for 8087-Compatible Exception Trapping 
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ELECTRICAL DATA 


Absolute Maximum Ratings* 
Case Temperature Under Bias (Tc). . .0°C to + 85°C 


- Storage Temperature .......... —65°C to + 150°C 
Voltage on Any Pin 

with Respect to Ground....—0.5V to Vcc +0.5V 

Power DISSINGUON. facies cas ccassbocsees oe 1.5W 


Power and Frequency Requirements 


The typical relationship between Ico and the fre- 
quency of operation F is as follows: 

ICCtyp = 55+ 5*FmA where F is in MHz. 
When the frequency is reduced below the minimum 
operating frequency specified in the AC Characteris- 
tics table, the internal states of the 80C187 may be- 
come indeterminate. The 80C187 clock cannot be 
stopped; otherwise, Icc would increase significantly 
beyond what the equation above indicates. 


80C 187 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


DC Characteristics T. = 0°C to + 85°C, Vog = +5V +10% 


[symbol | Parameter 
vn | teput Low Votage 
vin | input HGH Votage 


Power Supply Current 


rae 

5 ee 
| teput Leakage Current 
Tio | VO Leakage Curent | 
on | tnput Capactance 
[G9 | V0 or Output Capacitance 


ViL 
VIH 
VoL 
VOH 
loc 
lu 
Lo 
Cin 
Co 


rin its 

T=05 

20 

P08 

20 

ais 
FoutputHicHvotage | ea | |v 

[eee 

135 mA 12.5 MHz 

Eee 

Rae 

rao 

rea 

a 


Test Conditions 


lo. = 3.0mA 
lon = —0.4mA 


OV < Vin s Voc 
0.45V < Vout < Voc — 0.45V 
Fo = 1MHz _ 
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AC Characteristics 
Tc = 0°C to + 85°C, Voc = 5V +10% 
All timings are measured at 1.5V unless otherwise specified 


Test 
Conditions 


Tmhri (t12) Min Delay from PEREQ Active 
to NPRD Active 


Twhax (t18) Command Hold from NPWR 
Trhax (t19) Command Hold from NPRD 


Tivet (t20) NPRD, NPWR, RESET to 
CLK Setup Time 

Tolih (t21) NPRD, NPWR, RESET from 
CLK Hold Time 

Trsc} (t24) RESET to CLK Setup 

Teirs (t25) RESET from CLK Hold 


Tomai (t26) Command Inactive Time 
Write to Write 
Read to Read 
Read to Write 
Write to Read 


NOTE: 
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK 
edge. 
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Timing Responses 
All timings are measured at 1.5V unless otherwise specified 


| 125MHz | 16MHz 
Rees 
NPRD Inactive to Data Float* eS 
Trigy (t28), NPRD Active to Data Valid 50 
Titph (t29) 
NPRD or NPWR Active 
to PEREQ Inactive 
RESET Inactive to BUSY Inactive 


NOTES: 

*The data float delay is not tested. 
2. The float condition occurs when the measured output current is less than Io, on Dy5—Do. 
3. Dy5-Do loading: CL = 100 pF. 

4. BUSY loading: C_ = 100 pF. 

5. On last data transfer of numeric instruction. 


Test 
Conditions 


Clock Timings 


| 125MHe | 16MM | 1 
Parameter Max Max Conditions 
(ns) (ns) 
Teici — (t1a) CLK Period CKM = 1 80 250 N/A N/A Note 6 
(t1B) CKM = 0 40 125 31.25 125 Note 6 
Teich (t2a) CLK Low Time CKM = N/A Note 6 
(t2b) CKM = - Note 7 
Note 6 
Note 8 


Teche! (t8a) CLK High Time CKM = 
(t3b) CKM = 
P Tpporatt@ Pa Poe | Bese 
K; Tonics sheet |S nets (SS 8 | Noteto 


NOTES: 

*16 MHz operation is available only in divide-by-2 mode (CKM strapped LOW). 
6. At 1.5V 

7. At 0.8V 

8. At 2.0V 

9. CKM = 1: 3.7V to 0.8V at 16 MHz, 3.5V to 1.0V at 12.5 MHz 

10. CKM = 1: 0.8V to 3.7V at 16 MHz, 1.0V to 3.5V at 12.5 MHz 


2-261 


80C 187 ie ) intel ® 


AC DRIVE AND MEASUREMENT AC SETUP, HOLD, AND DELAY TIME 
POINTS—CLK INPUT MEASUREMENTS—GENERAL 


wee BOO 


OUTPUT >, 


AC TEST LOADING ON OUTPUTS 


DEVICE 
OUTPUT 


270640-11 


DATA TRANSFER TIMING (INITIATED BY CPU) 


CMDO, CMD1 
NPS1, NPS2 VALID 
NPRD Leo eee 
DATA 
TRANSFER 
FROM 80C186 
Ci ITTY DATA OUT 
6a! 


\ A VALID 


tio tg tig 


DATA 
TRANSFER 


t t 
. ? TO 80C187 


DATA MAY CHANGE eri DATA MAY CHANGE 


tz0 


270640-12 
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CMD1, CMD1 


NPS1, NPS2 5 


NPRD, NPWR 


270640-13 


ERROR OUTPUT TIMING 


270640-14 


CLK, RESET TIMING (CKM = 1) 


270640-15 
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CLK, NPRD, NPWR TIMING (CKM = 1) 


CLK 
(IF CKM = 1) 


270640-16 


CLK, RESET TIMING (CKM = 0) 


PHASE INDETERMINATE 


t20 
RESET 


270640-17 
RESET must meet timing shown to guarantee known phase of internal divide by 2 circuits. 


NOTE: 
RESET, NPWR, NPRD inputs are asynchronous to CLK. Timing requirements are given for testing purposes only, to assure 
recognition at a specific CLK edge. 


CLK, NPRD, NPWR TIMING (CKM = 0) 


270640-18 


RESET, BUSY TIMING 


270640-19 
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80C187 EXTENSIONS TO THE CPU’s 
INSTRUCTION SET 


Instructions for the 80C187 assume one of the five 
forms shown in Table 12. In all cases, instructions 
are at least two bytes long and begin with the bit 
pattern 11011B, which identifies the ESCAPE class 
of instruction. Instructions that refer to memory oper- 
ands specify addresses using the CPU’s addressing 
modes. 


MOD (Mode field) and R/M (Register/Memory spec- 
ifier) have the same interpretation as the corre- 
sponding fields of CPU instructions (refer to Pro- 
grammer’s Reference Manual for the CPU). The 


80C 187 


DISP (displacement) is optionally present in instruc- 
tions that have MOD and R/M fields. Its presence 
depends on the values of MOD and R/M, as for in- 
structions of the CPU. 


The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re- 
quests delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. Timings are given in internal 80C187 
clocks and include the time for opcode and data 
transfer between the CPU and the NPxX. If the in- 
struction has MOD and R/M fields that call for both 
base and index registers, add one clock. 


Table 12. Instruction Formats 


Second Byte 


15-11 10 9 8 7 
NOTES: 


OP = Instruction opcode, possibly split into two fields OPA and OPB 


MF = Memory Format 
00— 32-Bit Real 
01— 32-Bit Integer 
10— 64-Bit Rea 
11— 16-Bit Integer 


d = Destination 

0— Destination is ST(0) 

0— Destination is ST(i) 
R XOR d = 0— Destination (op) Source 
R XOR d = 1— Source (op) Destination 


*In FSUB and FDIV, the low-order bit of OPB is the R (reversed) bit 


P = Pop 
0— Do not pop stack 
1— Pop stack after operation 


ESC = 11011 


ST(i) = Register Stack Element / 
000 = Stack To 
001 = Second Stack Element 
3 


e 
111 = Eighth Stack Element 
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ST(0) to integer/real memory 
ST(0) to ST(i) 

FSTP = Store and Pop 
ST(0) to integer/real nena 


ST(0) to long integer memory 


FCOM = Compare 
Integer/real memory to ST(0) 
ST(i) to ST(0) 


FCOMP = Compare and pop 
Integer/real memory to ST 


ST(i) to ST(0) 


Integer/real memory to ST(0) 
Long integer memory to ST(0) 
Extended real memory to ST(0) 


Clock Count Range 
0 1 Bytes 2-3 Real Integer Real integer 
DATA TRANSFER ; 
FLD = Load@ 


ESC MF 1 MODOOOR/M | —s—iDISP.— si” 


ESC 111 MOD101R/M | ——dDISP— si 
ESC 011 MOD101R/M {| ———DISP > 


BCD memory to ST(0) ESC 111 MOD100R/M | —s—DISP sl 296-305 
ST(i) to ST(0) ESC 001 11000 ST(i) 16 
FST = Store 


ESC MF 1 MODO10R/M | ——ODISP_—si"l 
ESC 101 11010 ST(i) 


ESC MF 1 MOD011R/M | ~—S—iDISP si” 
MOD111R/M | _DISP_ 


ESC MF 0 MODO10R/M | —s—DISP 
ESC 000 11010 ST(i) 


ESC MF 0 MOD011R/M | ——s—DISP,—s=" 
ESC 000 11011 ST(i) 
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80C 187 Extensions to the 80C 186 Instruction Set 


65-72 
90-101 
74 


93-107 
116-133 


ST(0) to extended real | ESCO11 | MOD111R/M | ODISP | 83 
ST(0) to BCD memory | €SC111 | MOD110R/M | OISP — | 542-564 
ST(0) to ST(i) 14. 
-|FXCH = Exchange 
ST(i) and ST(0) 20 
COMPARISON 


FCOMPP = Compare and pop twice 
ST(1) to ST(0) 
FTST = Test ST(0) 


ESC 110 1101 1001 
ESC 001 1110 0100 


bs 5 
~ 


ESC 001 11100101 
ESC 001 1110 1110 
ESC 001 1110 1000 


escoor | 1110 1011_| 
Escoor ‘| 11101001 _| 


FXAM = Examine ST(0) 


CONSTANTS 

FLDZ = Load +0.0 into ST(0) 
FLD1 = Load + 1.0 into ST(0) 
FLDPI = Load pi into ST(0) 
FLDL2T = Load logo(10) into ST(0) 


Shaded areas indicate instructions not available in 8087. 


NOTE: , 
a. When loading single- or double-precision zero from memory, add 5 clocks. 
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80C 187 Extensions to the 80C 186 Instruction Set (Continued) 


_ Encoding Clock Count Range 
' Byte Byte Optional 32-Bit | 32-Bit | 64-Bit | 16-Bit 
0 1 Bytes 2-3 Real Integer Real integer 
CONSTANTS (Continued) 
FLDL2E = Load logz(e) into ST(0) ESC 001 1110 1010 
FLDLG2 = Load log;9(2) into ST(0) Escoo1 | 11101100 | 
FLDLN2 = Load log,(2) into ST(0) Escoo1 | 11101101 | 


ARITHMETIC 
FADD = Add 


Integer/real memory with ST(0) ESC MF 0 MODOOOR/M | —s—DISP-——<‘|:s«44-520=Ss77-92 = 65-73—s 77-91 
ST(i) and ST(0) ESC dPO 11000 ST(i) 25-33b 


FSUB = Subtract 


Integer/real memory with ST(0) ESCMFO | MOD10RR/M|  DISP__ | 


77-92 65-73 


ST(i) and ST(0) 28-360 

FMUL = Multiply 
Integer/real memory with ST(0) | ESCMFO | MODOO1R/M | DISP_ | 81-102 68-93 82-93 
ST(i) and ST(0) 31-59¢ 

FDIV = Divide 
Integer/real memory with ST(0) | ESCMFO | MOD11RA/M|  DISP | 108 140-147 128 142-1469 
ST(i) and ST(0) goh : 

FSQRTi = Square root 124-131 


69-88 


FSCALE = Scale ST(0) by ST(1) ESC 001 11111101 
FPREM = Partial remainder of 
ESC 001 1111 1000 


ST(0) + ST(1) 


76-157 


FXTRACT = Extract components 


ais Escoor | 11110100 
FABS = Absolute value of ST(0) ESC 001 1110 0001 
FCHS = Change sign of ST(0) ESC 001 1110 0000 


Shaded areas indicate instructions not available in 8087. 


NOTES: 

b. Add 3 clocks to the range when d = 1. 

c. Add 1 clock to each range when R = 1. 

d. Add 3 clocks to the range when d = 0. 

e. typical = 54 (When d = 0, 48-56, typical = 51). 
f. Add 1 clock to the range when R = 1. 

g. 153-159 when R = 1. 

h. Add 3 clocks to the range when d = 1. 

i. —O < ST(O) s< +. 
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80C 187 Extensions to the 80C 186 Instruction Set (Continued) 


Encoding 


Byte Byte Optional Clock Count Range 
0 1 Bytes 2-3 


TRANSCENDENTAL 


F2XM1! = 2ST(0) — 4 213-478 
FYL2X™ = ST(1) * loga(ST(0)) 122-540 
FYL2XP1" = ST(1) * logo(ST(0) + 1.0) 111 1001 259-549 


PROCESSOR CONTROL 

FINIT = Initialize NPX 

FSTSW AX = Store status word ESC 111 1110 0000 

FLDCW = Load control word | Escoo1 | MOD101R/M | DISP | 
FSTCW = Store control word ESC 001 MOD 111 R/M 

FSTSW = Store status word ESC 101 MOD 111 R/M 


FCLEX = Clear exceptions ESC 011 1110 0010 


FSTENV = Store environment | ESC 001 MOD110R/M | _DISP_—i| 
FLDENV = Load environment ESC 001 MOD100R/M | _—s—DISP.—s 
FSAVE = Save state ESC 101 MOD110R/M | —s—DISP_——s 


FRSTOR = Restore state ESC 101 MOD 100 R/M 
FINCSTP = Increment stack pointer ESC 001 11110111 
FDECSTP = Decrement stack pointer 

FFREE = Free ST(i) 

FNOP = No operations 


Shaded areas indicate instructions not available in 8087. 


NOTES: 

j. These timings hold for operands in the range |x| < 7/4. For operands not in this range, up to 78 clocks may be needed to 
reduce the operand. 

k.0 <|ST(0)| < 263.. 

. —1.0 < ST(0) < 1.0. 

m. 0 < ST(0) < 0, —o < ST(1) < +0, 

n.0 < |ST(0)| < (2 — V(2))/2, —00 < ST(1) < +0. 


DATA SHEET REVISION REVIEW 


The following list represents the key differences between the -002 and the -001 version of the 80C187 data 
sheet. Please review this summary carefully. 


1. Figure 10, titled “System Configuration for 8087—Compatible Exception Trapping”, was replaced with a 
revised schematic. The previous configuration was faulty. Updated timing diagrams on Data Transfer Tim- 
ing, Error Output, and RESET/BUSY. 
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1.0 INTRODUCTION 


Currently, integrated circuit manufacturers are specify- 
ing devices for low voltage operation. Most devices are 
specified for operation around 3V. This can indicate 
operation centered around 3.0V, 3.3V or other voltages. 
Many devices are even specified for operation at 2V and 
below. 


In many embedded designs, the designer wants the low- 
est system power dissipation possible. Embedded, low 
voltage designs require maximum battery life which is 
directly proportional to the current consumption of the 
system. System current consumption is a linear func- 
tion of operating voltage. 


This application note discusses why low voltage devices 
and systems are beneficial and how to design low volt- 
age systems. Power supplies, mixed voltage systems, 
single voltage systems and power management schemes 
are all discussed. Although 3V systems are specifically 
discussed, the concepts apply to all low voltage designs. 


1.1 What is 3V? 


The term “3V” usually refers to 3.3V +0.3V. This is 
the JEDEC standard for regulated supplies. The major- 
ity of devices are specified for 3.3V operation, the stan- 
dard being used for portable PC’s. JEDEC Standard 8 
defines LVCMOS (Low Voltage CMOS) operating 
voltages and interface levels for low voltages. JEDEC 
Standard 8.1 defines LVTTL (Low Voltage TTL) com- 
patibility. The LVTTL standard defines specifications 
for low voltage devices that operate in 5V TTL systems 
without interface logic. 


There is also a standard for unregulated supplies, 2.7V 
to 3.6V (battery operated systems). Few devices are 
currently specified for operation in the unregulated re- 
gion. Many devices used in embedded applications have 
a wider Vcc range and do not conform to this stan- 
dard. A Vcc specification from 2.7V to 5.5V allows 
operation from an unregulated alkaline battery supply 
(3 x AA). Older 5V devices derated for 3V operation 
(specified for 3V operation at a reduced frequency) typ- 
ically can operate in this region. 


2.0 REASONS FOR 3V OPERATION 


Components are being specified to operate at 3V for 
two reasons. First, advanced fabrication technologies 
incorporating smaller device geometries require lower 
operating voltages. Second, there are a number of ad- 
vantages to operating a system at low voltage. 
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2.1 Device Geometries 


One of the driving factors to reduce component operat- 
ing voltages is technology. As device channel lengths 
and oxide thicknesses decrease (Figure 2-1), lower op- 
erating voltages are required to maintain component 
reliability. Three main reliability concerns are: oxide 
breakdown, punch-through, and hot-electron effects. 


As feature length and width in a component decrease, 
depth also decreases. With thinner gate oxides, lower 
gate voltages are required to avoid dielectric breakdown 
in the oxide. If oxide breakdown occurs, the gate of the 
device begins to draw current. 


As the channel lengths shorten, lower source and drain 
voltages are required to keep the depletion regions 
around the wells from meeting, at this point, the cur- 
rent through the device is no longer controlled by the 
voltage on the gate. 


CHANNEL 
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Figure 2-1. Basic Transistor Structure 


Finally, lower voltages are required to avoid hot-elec- 
tron effects. Electrons can lodge in the gate oxide, alter- 
ing the charge in the oxide. When charge is added to 
the gate oxide, the turn-on voltage of the device is al- 
tered, degrading performance. 


2.2 System Benefits 


Presently, not all devices are being designed to operate 
specifically at low voltages. Many devices are 5V de- 
signs with their performance derated for low voltage 
operation. These devices are only rated for low voltage 
operation because of the benefits it has for system de- 
signs. Operating parts at lower voltages has some signif- 
icant advantages at a system level. 
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Battery powered systems operate significantly longer at 
3V. Battery life, rated in Amp-hours, is a function of 
the current a system draws. The current consumption 
of a system varies linearly with the operating voltages 
of the devices. Equation 2.1 expresses this relationship. 


Equation 2.1: Icc = cf Vedt = AVeCerF 


where 
Icc = Device current consumption 
AV = __ Switching voltage 
C= Device capacitance and output ca- 
pacitive loading 
F = Device operating frequency 


Determining the current consumption of an entire sys- 
tem is not quite this straightforward, but this topic will 
be examined in more detail later. The point is, lowering 
device operating voltages from 5V to 3V decreases cur- 
rent consumption by at least 40 percent. Battery life 
increases by more than 40 percent, as batteries last 
longer at lower discharge rates. For example, a battery 
rated at 100 mAH with a load of 10 mA would last 10 
hours. If the battery only had to supply 5 mA, it would 
have a life longer than the expected 20 hours. Reducing 
system voltage also decreases the number of batteries 
needed to produce the required operating voltage. 


Heat generated by a device is proportional to the power 
it consumes. The formula for power consumption of a 
device is the current (Equation 1) multiplied by the 
operating voltage (V). Power consumption varies as the 
square of the operating voltage. Reducing the operating 
voltage of a device from 5V to 3V decreases power con- 
sumption by 64 percent. Heat dissipation is reduced by 
the same amount. This has a couple of important impli- 
cations. On a device level, parts that generate less heat 
do not have as many constraints placed on packaging. 
Packages with much smaller footprints can be created 
and plastic packages can be offered for devices previ- 
ously only offered in ceramic packages. On a system 
level, if parts produce less heat, they can be placed clos- 
er together. These advantages allow reduction of the 
overall form factor and weight of a system. Additional- 
ly, many device failure mechanisms are heat related. 
Systems producing less heat have higher reliability. 


Noise generated by devices is a concern for all system 
designers. The effects of noise: overshoot, undershoot, 
ground bounce, etc., are a function of dV/dt. On low 
voltage devices, dV/dt is lower. This is discussed in 
more detail in a later section. Decreased noise genera- 
tion by low voltage systems simplifies design and makes 
meeting maximum noise limits easier. 
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The move to lower operating voltages has a number of 
benefits to the system designer. Smaller, lighter, less 
noisy systems and longer battery life all contribute to 


better designs. Low voltage designs also enable older 
designs to become mobile/portable. 


3.0 LOW VOLTAGE SYSTEM DESIGN 


Low voltage systems have many aspects in common 
with standard 5V designs. In addition to the normal 
design considerations made in any 5V system, low volt- 
age designs have some areas that need specific atten- 
tion. System power supply, mixed voltage interfaces, 
and complete low voltage designs all need to be consid- 
ered. 


3.1 Power Supply Design 


When designing the power supply for a low voltage 
system, the characteristics of that system must be taken 
into account. A supply must exist for each operating 
voltage on a board. This could mean a number of differ- 
ent voltages for logic, communications, displays, and 
other functions. For each voltage generated, the design- 
er must determine the worst-case current consumption 
of the system. Number of supplies and their capacity 
determine the power supply design. 


3.1.1 BATTERIES 


A major application of low voltage devices in embedded 
systems is in portable systems that require battery oper- 
ation. The type of battery the designer chooses affects 
the power supply design. Batteries are characterized by 
two general discharge curves. Alkaline batteries have a 
constantly decreasing voltage output (Figure 3-1la). Ni- 
Cad batteries (as well as Nickel-Hydride, Lithium and 
others) have a relatively constant voltage through the 
majority of their life (Figure 3-1b). Internal chemical 
reactions and the number of cells inside each battery 
determine the output voltage. , 


ALKALINE 
VOLTS 


0% 100% 0% 100% 


PERCENT DISCHARGED PERCENT DISCHARGED 


272324-2 
(a) (b) 


Figure 3-1. Typical Battery Discharge Curves 


| 
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The battery discharge curve and voltage requirements 
of the system components determine whether voltage 
regulation is required. A system utilizing components 
with narrow voltage specifications (3.3V + 10%, for ex- 
ample) using Alkaline batteries, would require a voltage 
regulator to translate the battery output voltage to 
something usable by the system. NiCad batteries, on 
the other hand, provide a stable enough voltage over 


their lifetime that the designer could avoid using a reg- 
ulator. 


Although the constant voltage type of batteries may 
appear to be the most efficient choice, a number of oth- 
er tradeoffs exist such as overall capacity, rechargeabili- 
ty, temperature sensitivity, safety, volume, weight and 
cost. When deciding on a battery, these characteristics, 
or combinations of these characteristics should be con- 
sidered. For example, an application may require maxi- 
mum capacity, but minimum weight, so capacity per 
unit weight may be the most important combination. 
Also, rechargeability may or may not be important to 
the design. Secondary batteries, such as NiCad may be 
recharged, while primary batteries such as alkaline may 
not. 


3.1.2 VOLTAGE REGULATION 


Voltage regulators may be required in systems where 
battery output voltage and system Vcc requirements 
do not match. For example, three Alkaline AA batter- 
ies would discharge from about 4.5V to about 2.7V over 
their lifetime. A device specified for operation from 3V 
to 3.6V would require this supply to be regulated. Volt- 
age regulated systems have the advantage of having a 
stable, constant Vcc for the life of the batteries. The 
disadvantages include extra board space needed for the 
regulator(s) and decreased battery life due to regulator 
efficiency losses. Most regulator efficiencies run from 
the mid-80 percent to low-90 percent range. 


In low power designs, voltage regulation is usually per- 
formed with pulse-skipping regulators, current-mode 
pulse width modulators (PWM’s) or voltage-mode 
PWMs. Each of these methods has certain advantages 
and disadvantages. Important regulator characteristics 
include output ripple amplitude and frequency, efficien- 
cy, quiescent current, transient response and physical 
size requirements. Individual designs will have different 
requirements, and these issues should be considered 
when designing the system power supply. 
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3.1.3 CALCULATING SYSTEM POWER 
CONSUMPTION 


When designing a system power supply, it is important 
to understand system current requirements. Knowing 
the worst-case current consumption allows the designer 
to choose the voltage regulation method, estimate sys- 
tem battery life and determine system packaging re- 
quirements (heat dissipation, etc.). 


Many factors determine total system current. Device 
current, discrete component current, and leakage cur- 
rent are all factors. The general formula for current 
consumption, I is: 


Equation 3.1:1= VeCef = CedV/dt 

Where: V = voltage, C = capacitance, and f = fre- 
quency. This formula must be used for all components 
in the system to estimate current consumption. The 
term “estimate” is used because, until the design is 
completed, fabricated, and tested, there is no way to 
know the exact current consumption. Actual current 
will depend on the way the software controls the hard- 
ware in the system, temperature and other factors. To 
estimate current consumption, some assumptions are 
required to keep the calculations from becoming too 
detailed. The various contributors to system current 
consumption are detailed in the following sections. 


3.1.3.1 Device Current 


There are two parts to device current consumption: 
core current and I/O current. Core current is typically 
a large percentage of the total device current. I/O cur- 
rent is a smaller percentage, but still a major contrib- 
utor to total system current. 


Core current is the current consumed by internal tran- 
sistors switching and the charging and discharging of 
internal capacitances. In this situation, V in Equation 
3.1 is equal to Voc. All of the internal nodes switch 
between Vcc and ground. The frequency term is the 
device operating frequency. The Capacitance term, 
slightly more complicated, is an equivalent capacitance 
accounting for all internal node and trace capacitances. 
To determine this value, Icc is measured at a known 
frequency and voltage with output pins inactive, Equa- 
tion 3.2 is then solved for the equivalent capacitance 
(Equation 3.3). This value applies to all operating fre- 
quencies. 


Equation ues lcore = Vcc ® Ceg e f 


Equation 3.3: Ceg = Icore/(Vcc ° f) 
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I/O current is the current consumed by outputs switch- 
ing. To determine I/O current, V in Equation 1 is the 
voltage swing of the output, Vcc in a normal, CMOS 
system. The capacitance term is the sum of all input 
capacitances of devices connected to the output plus the 
capacitance of the PCB trace (approximately 2 pF/in.). 
The frequency term is the switching frequency of the 
output, not necessarily the operating frequency of the 
system. The frequency term can be determined by ap- 
proximating how often an output switches during a 
particular time period. The measure of time in an em- 
bedded system is typically a processor bus cycle. Using 
the 80C186 embedded processor as an example, the ma- 
jor contributors to I/O current are the Address/Data 
bus, RD #, WR# and ALE outputs. Depending on the 
application, other outputs may switch frequently 
enough to be included in current calculations. These 
signals are used as a simple example. 


Because of the multiplexed Address/Data bus on the 
186 device, data is written and read on the same pins 
that drive address information. Thus, read and write 
cycles need to be treated separately. An analysis of bus 
cycles for a typical application indicates that about 80 
percent are read cycles (data reads and instruction 
fetches) and the remaining 20 percent are write cycles. 
Equation 3.4 represents the Address/Data bus current 
for a write cycle. 


Equation 3.4: lwite = (Ve Ce f) © (1/n) @ (x + y) 


where 
pate | & 
= Load capacitance per pin 
= Processor operating frequency 
n= Number of clocks per bus cycle (4 at zero 
wait states) 
x = Number of pins switching during the ad- 


dress phase 


y = Number of pins switching during the data 
phase 


Because of the random nature of data being read/writ- 
ten, it is a reasonable assumption that approximately 
half of the Address/Data pins will switch during each 
phase of the bus cycle (address and data). For a read 
cycle, the equation will be identical, with y = 0, as 
shown in Equation 3.5. 


Equation 3.5: lreag = (Ve C @ f) © (1/n) ® (x) 


The control signals: RD#, WR# and ALE are driven 
during each bus cycle. Equation 3.6 shows the current 
for the combined control signals. Each of these signals 
switch twice during a bus cycle, once to go active and 
once to go inactive or vice-versa. 
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Equation 3.6: Icontro! = (VC ® f) © (1/n) © (x) 


v= Vcc 

C = Load capacitance on the control signal 
pin 

f= Processor operating frequency 

n= Number of clocks per bus cycle (4 at zero 
wait states) | 

x = Number of times the control signal 
switches during a bus cycle 

ALE: x=2 


RD#/WR#:x = 2 


Total I/O current, Equation 3.7, is calculated by add- 
ing equations 3.4, 3.5 and. 3.6. 


Equation 3.7: |/O current = lreag ® (0.8) + lwrite 
© (0.2) + Icontrol 


The 0.8 and 0.2 factors come from the percentage of 
read and write bus cycles in a typical system. A similar 
analysis is required for all devices within a system. The 
system processor will usually be the most difficult. 
Once this is done, many of the approximations made 
apply to calculations for the rest of the system. 


3.1.3.2 Discrete Component Current 


Current consumed by discrete components must also be 
factored into total system current. Current consumed 
by pull-up or pull-down resistors, voltage dividers, 
transistors or other discrete components must be in- 
cluded. These are relatively straightforward calcula- 
tions, and do not require elaboration. 


3.1.3.3 Leakage Current 


Leakage currents from devices are typically very small 
and can usually be ignored when calculating system 
current consumption. When a CMOS device is in a 
static condition, all p and n transistors inside the device 
should have their gates driven to Vcc or Ground, turn- 
ing them on or off. The equivalent resistance of an 
“off” transistor is approximately 5 MM, the equivalent 
resistance of an “on” transistor is typically less than 
1002. Some current flows through this resistive path to 
ground. Typically, this amount will be in the wA range. 


Leakage current can become more significant. If a de- 
vice is running at a given Vcc, there may be situations 
where an input is not driven close to Vcc. The p and n 
transistors of the device input buffers will not be com- 


Sa 
intel. 
pletely turned on or off. This lowers the equivalent re- 
sistance through the transistors to ground. On some 
devices (AC logic, as an example), at Vin = Vcc — 
2.1V, the device may consume as much as 1.5 mA addi- 
tional current per input pin. Typically, this value is 
from 100 1A to 200 pA per input, but still measurable. 
This additional current exists unless the input to the 
device is driven close to Vcc. Most logic data sheets list 


this specification as Alcc, given as a maximum current 
per input pin with the input at Vcc — 2.1V. 


3.1.4 SUMMARY: CALCULATING POWER 
CONSUMPTION 


For a complete system design, total system current con- 
sumption must be calculated. This analysis determines 
power supply design, product packaging and battery 
life. Although an exact calculation may not be possible 
(or practical), a worst-case analysis with reasonable ap- 
proximations allows a reliable system design. 


3.2 Mixed Voltage System Design 


One of the difficulties in designing a low voltage system 
is product availability. There are a large number of 
manufacturers producing low voltage products (3V or 
lower). Embedded processors, like the Intel 80L186EA, 
EB and EC have been available at 3V for some time. 
Memory and logic are also widely available. Some pe- 
ripheral components are still not available at low volt- 
ages. Many of these components require redesign to 
operate at low voltages. Until these components are re- 
placed with low voltage versions, systems requiring 
their functionality have to utilize the 5V version. This 
causes tremendous headaches for system designers. Sys- 
tem cost, complexity and power consumption all suffer 
due to the lack of a complete selection of low voltage 
devices. 


3.2.1 INTERFACING 3V AND 5V COMPONENTS 


Somewhere within a mixed voltage design, the designer 
must interface 3V and S5V devices. This can happen in 
3V to 5V translation, 5V to 3V translation, bidirection- 
al translation or 3V and 5V devices residing on the 
same system bus. As simple as these interfaces may 
seem, there are still problems to be solved. 


3.2.1.1 3V to 5V Interface 


One way to translate a 3V output to a SV CMOS level 
is with ACT/HCT logic. These parts accept a TTL 
level input and give a CMOS output. When operating 
at 5V, these parts see a 3V level input the same as they 
would see a 5V TTL level input. The output will be a 
5V CMOS level. This is a relatively straightforward ap- 
proach, but it does have the problem of additional cur- 
rent consumption (AlI¢c). 
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The JEDEC standard for 3.3V outputs is compatible 
with TTL input requirements. If the 5V device connect- 
ed to the 3V output already has TTL compatible in- 
puts, no interface logic is required. 


3.2.1.2 5V to 3V Interface 


Unfortunately, a 5V output cannot be connected direct- 
ly to a 3V input. Maximum operating conditions for 
most devices specify the maximum voltage on any input 
pin. This number is typically Vcc + 0.5V (LVTTL 
and unregulated LVCMOS), and on some 3V devices is 
Vcc + 1.0V (regulated LYVCMOS). A 5V CMOS out- 
put high typically drives close to Vcc. When the maxi- 
mum input voltage is exceeded, the ESD (Electrostatic 
Discharge) protection diode on the input of the device 
forward biases and current flows into the 3V Vcc (Fig- 
ure 3-2). This causes unacceptably high current con- 
sumption. Connecting a 5V output to a 3V input leads 
to reliability problems. Device manufacturers are devel- 
oping input buffers for low voltage devices that are 5V 
tolerant, but until these devices are widely available, 
other solutions are required. 


A 5V bipolar TTL device may be connected directly to 
a 3V input. Some newer 5V CMOS devices have out- 
puts with reduced voltage swings. These devices have 
3V compatible outputs and may be connected directly 
to 3V inputs. The designer must be careful when regu- 
lating the SV and 3V supplies. 1f the 5V supply goes to 
5.5V and the 3.3V supply goes to 3.0V, the 3V input 
specification could be violated. 


OUTPUT 
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Figure 3-2. 5V Output Driving a 3V Input 


There is a way to work around the problem of driving a 
3V input with a 5V output. Series resistors can be 
placed on the outputs of the 5V device. The goal is to 
drop the voltage to a level acceptable by the 3V device. 
The value of the resistor must be chosen to limit the 
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current into the 3V device. The major sacrifice in this 
solution is speed. If the system can handle the speed 
degradation, then it is a simple, inexpensive way to 
translate from 5V to 3V. As a final point on this sub- 
ject, if this solution is implemented, considerations 
must be made for system power-up. If the 5V supply 
ramps much faster than the 3V supply, the substrate 
diode may still be forward biased temporarily, leading 
to reliability problems. This situation must be taken 
into account when determining the resistor value. The 
designer must either assume the worst case where the 
SV part Voc = 5.5V and the 3V part has Vcc = OV 
or the 3V and 5V supplies must be sequenced. 


3.2.1.3 Voltage Translation with Open Drain 
Outputs 


Open drain output devices provide a simple way to con- 
vert from 3V to 5V and vice-versa (Figure 3-3). All that 
is required is an external pullup resistor to the desired 
output voltage. If the open drain device outputs a logic 
“1”, there is virtually no current consumption penalty 
for the conversion. If the output is a logic ‘0’, there is 
a current path to ground, but a high resistance pullup 
will limit the amount of current (at the cost of speed). 
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Figure 3-3. Voltage Translation with 
Open Drain Outputs 


If an open drain device is not available, the function 
can be easily duplicated using an external MOSFET 
and a resistor. This circuit will be identical to Figure 
3-3, except the transistor will be external to the device. 
The output to be translated connects to the gate of the 
transistor. An n-transistor connected to ground with a 
pullup to Vcc will act as an inverter for the output. A 
p-transistor connected to ground with a pullup resistor 
will not invert the output. The switching time required 
by the external MOSFET must be considered when de- 
termining system timing. 
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The methods described above all work well for translat- 
ing unidirectional signals. What happens if a 5V periph- 
eral resides on a 3V bus? Ideally, a designer could place 
a SV device and a 3V device on the same system bus. 
Unfortunately, a floated 3V output will be damaged 
when a 5V part drives the bus. Depending on the state 
of the inputs to the 3V device output buffers, it is possi- 
ble that the p-transistor will turn on (Figure 3-4). If this 
device turns on, the 5V supply and 3V supply are short- 
ed together. Even if this situation does not occur, the 
SV signal still forward biases the ESD protection diodes 
inside the 3V device, creating a situation similar to a 5V 
output driving a 3V input. Fortunately, a number of 
manufacturers are producing buffers with two Vcc 
pins. The devices translate bidirectionally between the 
two Vcc values. These are the most practical solution 
for bidirectional translation between 3V and 5V. Sys- 
tem busses must operate at a single voltage with other 
voltages buffered. 


3.2.1.4 Bidirectional Translation 
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Figure 3-4. 5V Device Driving a 
Floated 3V Output 


3.2.2 DISADVANTAGES OF MIXED VOLTAGE 
SYSTEMS 


It is obvious at this point that there really are no advan- 
tages to mixed voltage systems over complete 3V de- 
signs. They only exist because of the absence of a com- 
plete selection of low voltage devices. During the indus- 
try’s transition to 3V, the objective of designers is to 
minimize the disadvantages of mixed voltage systems. 
Two of the drawbacks of mixed voltage systems are 
voltage supply requirements and additional current 
consumption. 
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3.2.2.1 Multiple Supplies in Mixed Voltage 
Systems 


A major disadvantage of mixed voltage systems is the 
requirement of multiple voltage supplies. A typical sys- 
tem may require 3V (major components, memory), 5V 
(older peripherals, small displays), +12V (RS-232 
communications) and even higher voltages (backlit 
LCD displays, etc.). One goal in designing a mixed 
voltage system is to minimize the number of required 
voltages and the number of devices used to create them. 
To avoid the extra chip-count associated with creating 
multiple voltages, some manufacturers, offer one-chip 
solutions to provide multiple voltages from 2 or 3 cells. 
The designer can also take advantage of parts with in- 
ternal charge pumps that take 3V or 5V inputs and 
create the output voltage levels they require. Although 
multiple voltages can easily be created with a minimal 
number of chips, the designer still pays the price for 
having non-3V parts in the system: battery life. As tech- 
_ nology moves forward and 3V designs gain momentum, 
more components will be available at low voltage (3V 
or less). This eliminates the requirement for multiple 
system voltages and the added system cost and com- 
plexity associated with creating them. 


3.2.2.2 Additional Current Consumption in 
Mixed Voitage Systems 


Interfacing 3V and 5V devices in a mixed voltage sys- 
tem is unavoidable. Regardless of how a designer im- 
plements these interfaces, they will all have one com- 
mon characteristic, additional current consumption. 


Some devices have an additional specification called 
Alcc (or Iccr). This specification defines the addition- 
al current consumed, per input pin, if an input high 
voltage is at Vcc — 2.1V. This situation closely resem- 
bles using ACT or HCT logic for 3V to 5V translation. 
This number can be up to 1.5 mA per input pin. Con- 
sider a unidirectional, 16-bit bus translated from 3V to 
5V using ACT logic. In a worst-case situation, this can 
be a major source of continuous current consumption. 
This is a maximum value, typically the extra current 
amounts to 100 A to 200 WA per input pin. Addition- 
ally, this specification only applies to a logic “1” input, 
and typically, only a fraction of the 3V inputs are high 
at any time. 
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The reason behind the extra current consumption when 
using ACT/HCT logic for 3V to 5V translation lies in 
the input buffers (Figure 3-5). If the input of the device 
is driven all the way to Vcc, the p-transistor turns 
completely off and thé:n-transistor turns completely on. 
This can be roughly modeled as 5V connected to 
ground through a 5 Mf resistor. As shown by the 
graph in Figure 3-5, the only current flowing is leakage 
current, almost nothing. 


As the voltage on the input moves farther away from 
Vcc; the input transistors move closer to their satura- 
tion region. The resistance path through the transistors 
to ground decreases from the initial 5 M91). This in- 
creases the current flow through them. The graph 
shows this current to be on the order or 150 uA per 
input with a 3V input (at room temperature). 
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Figure 3-5. Current When Using ACT/HCT Logic 
for Voltage Conversion 


This leads to a valid question. If there is such a penalty 
for creating mixed voltage systems, is the system better 
off running at 5V? An analysis of system current con- 
sumption must be done for the pure 5V and mixed volt- 
age cases. If only a small part of the system can operate 
at 3V, the extra power for voltage translation may off- — 
set the benefit of using 3V parts. This accents the need 
to have a complete selection of devices that operate at 
3V. 
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3.2.3 SUMMARY: MIXED VOLTAGE SYSTEMS 


There are a number of considerations a designer must 
make when designing a mixed voltage system. Interfac- 
ing 3V and 5V logic must be doffe carefully. There are 
many solutions to do this, but if done incorrectly, the 
system eventually fails. Many manufacturers provide 
simple solutions to do unidirectional and bidirectional 
transfers. These solutions are probably the easiest to 
implement and consume a minimal amount of power. 


A mixed voltage system, by definition, consumes more 
current than a pure 3V system. This added current con- 
sumption comes from different sources. Any method 
used to translate from one voltage to another requires 
additional current. A mixed voltage system also has 
more devices than a pure 3V system. Extra devices are 
needed for voltage translation and creating required 
system voltages. In addition to drawing current, these 
extra devices increase system size, cost and complexity. 


As technology advances and manufacturers redesign 
current parts, complete systems will be able to operate 
at 3V. Until that time, mixed voltage systems must ex- 
ist. Although a mixed voltage system requires more 
power than an entirely 3V version, it still consumes less 
power than a 5V version (if properly designed). Mixed 
voltage systems will exist in some form for a long time. 
Right now, they exist because of the conversion from 
5V devices to 3V devices. They will continue to appear 
as industry makes the steps to even lower operating 
voltages. Some devices already operate at 2V and be- 
low. Although this information applies specifically to 
3V/5V systems, the concepts apply to any mixed volt- 
age system. 


3.3 Single Voltage System Design 
Complete 3V designs have few disadvantages, the ex- 


ceptions being operating speed and noise immunity. 
Advantages include: longer battery life, less heat and 
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lower noise emissions. The advantages of a complete 3V 


system are significant compared to the minimal design 
effort required to work around the disadvantages. 


3.3.1 DEVICES DESIGNED FOR LOW VOLTAGE 
OPERATION 


Currently, some devices are designed for 3V only oper- 
ation. Devices optimized for 3V operation are generally 
specified for operation from 3.0V to 3.6V. These devic- 
es exhibit the performance of their 5V counterparts at 
significantly lower power. The high performance and 
narrow operating voltages of these parts limits their 
benefit to embedded, battery operated designs. 


If a fabrication process is optimized for 3V operation, 
gate oxides are thinner. The increased gate capacitance 
allows a 3V device to function at the same speed as a 
5V device produced on a non-3V processes. Oxide 
breakdown is the major drawback to optimizing a pro- 
cess for 3V. A thinner gate oxide implies a lower oxide 
breakdown voltage. Devices produced on the optimized 
process will not be able to operate at 5V without dam- 
aging the part. 


3.3.2 DEVICES DERATED FOR LOW VOLTAGE 
OPERATION 


Many low voltage products are derated versions of their 
5V versions. These devices are specified, typically, for 
operation from 2.7V to 5.5V. The only sacrifice of run- 
ning a product designed for 5V at 3V is speed. Device 
speed is a function of internal switching speeds. Switch- 
ing speeds are proportional to device current, a func- 
tion of gate oxide capacitance and gate voltages within 
a device. A device produced on a process not optimized 
for 3V will have a thicker gate oxide, decreasing gate 
capacitance, reducing current The combination of low- 
er gate voltage and capacitance limits operating speeds 
for derated 5V devices. For many embedded systems, 
speed is not critical. Using devices that operate from 
2.7V to 5.5V allows the designer to use inexpensive al- 
kaline batteries and avoid the added device count and 
efficiency losses of voltage regulators. 
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3.3.3 NOISE GENERATION BY LOW VOLTAGE 
DEVICES 


Overshoot, undershoot and ground bounce all relate to 
dV/dt, dV being the output voltage swing and dt being 
the output switching time. In low voltage devices, obvi- 
ously, voltage levels decrease, lowering the dV term. 
This applies to all low voltage devices. Devices de- 
signed specifically for low voltage operation, which 
have smaller geometries and thinner gate oxides, have 
switching times comparable to the 5V versions. There- 
fore, the dt term remains relatively constant. Low volt- 
age devices which are derated versions of 5V parts have 
slower switching times when operating voltage decreas- 
es. The dt term increases for devices derated for low 
voltage operation. Derated devices generate very little 
noise. 


Regardless of the exact amount of noise a low voltage 
device generates (derated or not), any low voltage de- 
vice will produce less noise than its 5V counterpart. 
dV/dt and practicing good PCB design techniques 
(multi-layer, bypass capacitors, etc.), should eliminate 
noise as a problem. 


3.3.4 NOISE MARGINS IN LOW VOLTAGE 
SYSTEMS 


In devices with CMOS compatible inputs, input high 
(VyH) and input low (Vj) voltage specifications are a 
function of operating voltage. The difference between 
Vin and Vy, defines the noise margin on the input 
(Equation 3.8). 


Equation 3.8: Noise Margin = Viy - Vit 


Typically, Vy is 0.7*Vcc and Vy is 0.3*Vcc on 
CMOS compatible inputs. This defines a noise margin 
of 0.4*Vcc. If operating voltage decreases from 5.0V, 
noise margins decrease proportionally. 


Devices with TTL compatible inputs will not see any 
change in noise margins when operating at 3V. TTL 
inputs define Vyz; as 2.0V and Vy; as 0.8V. The stan- 
dards for input levels on 3.3V devices are defined to be 
compatible with the TTL standard. This is why a 3.3V 
output can directly interface with a 5V device with 
TTL inputs. 


Noise susceptibility of low voltage systems is not as 
significant as it may appear. Low voltage systems gen- 
erate less noise than 5V systems. If a system generates 
less noise, decreased noise margins on device inputs be- 
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come less important. Additionally, good Printed Cir- 
cuit Board layout techniques should eliminate major 
noise issues. 


4.0 SYSTEM POWER MANAGEMENT 


When creating a battery operated system, the designer 
is concerned with extending battery life as long as pos- 
sible. Reducing operating voltages is a relatively simple 
way to achieve a significant reduction in power con- 
sumption. Voltage reduction is an excellent start to in- 
creasing battery life, but numerous power management 
techniques exist to provide even lower power consump- 
tion. 


4.1 Device Power Management 


Many Intel embedded processors have modes of opera- 
tion designed to reduce current consumption. Many 
static-design embedded processors have Powerdown 
mode, disabling the clock input to the device. Disabling 
the clock input eliminates transistor switching within 
the device, reducing current consumption to leakage 
current (microamps). Other devices have Idle mode 
which disables the clock to the CPU, but keeps inte- 
grated peripherals active. This decreases current con- 
sumption by a smaller amount than Powerdown mode, 
but is excellent for devices requiring peripherals to re- 
main active at all times. Finally, many embedded proc- 
essors offer Powersave mode. Powersave mode internal- 
ly divides the clock input to the device. Because proces- 
sor current consumption is approximately a linear func- 
tion of clock frequency, Powersave mode significantly 
reduces current consumption during execution of non- 
critical sections of code. Including one or more of these 
power management functions on silicon reduces board 
space required to create them separately, if they can be 
created at all (Idle mode, for example). 


Other devices that commonly appear in embedded sys- 
tems also offer power management features in silicon. 
Some Intel Flash memory devices offer a powerdown 
mode, reducing current to leakage levels. Other memo- 
ries enter a “‘sleep’”’ mode when not being accessed, re- 
ducing current consumption. Even some regulators al- 
low their output to be shut down to decrease current 
consumption. 


Many devices exist offering power management fea- 
tures which enhance low voltage operation. When sys- 
tem designers select components for their systems, 
parts should be chosen which offer benefits beyond just 
low voltage operation. 
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4.2 Software Power Management 


Power management schemes need to be implemented in 
software as well as hardware. Software controls power 
management modes on Intel embedded processors and 
can be used to control power management on external 
devices (using port pins, etc.). Software can also be im- 
plemented to reduce switching on address and data bus- 
ses and processor outputs. 


4.2.1 IMPLEMENTING DELAYS 


Many applications require time delays. For example, 
there may be a minimum time required between succes- 
sive writes to an LCD display or other peripherals. 
These delays can be implemented either in hardware 
(controlled by software) or software. When delay loops 
are implemented in software, every iteration of that 
loop will execute a given number of bus cycles. Every 
bus cycle will drive address information onto the bus 
and all of the relevant control signals that define a bus 
cycle and turn on the memory device(s) containing pro- 
gram code. With enough iterations of the loop, a large 
amount of current is consumed. One solution is to di- 
vide the processor clock during these delays. Dividing 
the clock by a factor of x reduces the number of bus 
cycles required by x, for the same delay. 


Implementing a delay with hardware and software is 
simple. Timers are used to create the delay. A timer can 
be programmed to cause an interrupt after a set delay. 
The timer needs to be programmed with the correct 
count and enabled. If the delay is long enough, it may 
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even make sense to put the processor into a power man- 
agement mode (such as Idle mode or Powersave mode). 
This entire process requires a small number of bus cy- 
cles. If the overhead associated with interrupt servicing 


is a limitation, some processors allow the designer to 
implement delays without interrupts. — 


The 80C186, for example, has an input called TEST #. 
The TEST # pin is sampled during the WAIT instruc- 
tion. The processor stops execution during a WAIT un- 
til the TEST # pin is sampled low. If the output of a 
timer is connected to the TEST# input, the timer 
times-out and pulls its output low, causing the proces- 
sor to continue execution. This solution requires only 
enough bus cycles to program the timer. 


4.2.2 CODE OPTIMIZATION 


Program code can also be optimized for minimal power 
consumption. To minimize switching on the address 
bus, code should be written to reduce the number of 
jumps that occur. Interrupt driven code is also prefer- 
able to code which depends on polling routines. The 
processor can issue a HLT instruction and wait for an 
interrupt rather than constantly looping to poll a regis- 
ter bit. The reduction in power consumption by using 
these methods may be slight but still increases battery 
life. 


Power management is very important to low voltage 
embedded designs. The effort to add power manage- 
ment is minimal but the benefits are significant. Using 
hardware and software to minimize power consump- 
tion increases battery life with little or no increase in 
system cost or complexity. 
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376™ HIGH PERFORMANCE 
32-BIT EMBEDDED PROCESSOR 


@ Full 32-Bit Internal Architecture m Complete intel Development Support 
— 8-, 16-, 32-Bit Data Types — C, PL/M, Assembler 
— 8 General Purpose 32-Bit Registers — ICET-376, In-Circuit Emulator 
— Extensive 32-Bit Instruction Set — iRMK Real Time Kernel 
m High Performance 16-Bit Data Bus — iSDM Debug Monitor 
— 16 or 20 MHz CPU Clock — DOS Based Debug 
— Two-Clock Bus Cycles m Extensive Third-Party Support: 
— 16 Mbytes/Sec Bus Bandwidth — Languages: C, Pascal, FORTRAN, 
. BASIC and ADA* 
m= 16 Mbyte Physical meee Size — Hosts: VMS*, UNIX*, MS-DOS", and 
m@ High Speed Numerics Support with the Others 
80387SX — Real-Time Kernels 
ca wd a A pone aes ie m High Speed CHMOS IV Technology 
igre aimbk wars 1S cele ee m Available in 100 Pin Plastic Quad Flat- 
@ On-Chip Debugging Support Including Pack Package and 88-Pin Pin Grid Array 
Break Point Registers (See Packaging Outlines and Dimensions #231369) 
INTRODUCTION 


The 376 32-bit embedded processor is designed for high performance embedded systems. It provides the 
performance benefits of a highly pipelined 32-bit internal architecture with the low system cost associated with 
16-bit hardware systems. The 80376 processor is based on the 80386 and offers a high degree of compatibil- 
ity with the 80386. All 80386 32-bit programs not dependent on paging can be executed on the 80376 and all 
80376 programs can be executed on the 80386. All 32-bit 80386 language translators can be used for 
software development. With proper support software, any 80386-based computer can be used to develop and 
test 80376 programs. In addition, any 80386-based PC-AT* compatible computer can be used for hardware 


prototyping for designs based on the 80376 and its companion product the 82370. 
Shifter Registers 


Multiply /Divide 
Segment 
Translator 
eo eee lead tetas 
32=-Bit Data Path Unit 
Prefetch 


Instruction Preteteher 
Queue 


Execution Unit 


32=Bit Registers 


64-Bit Barrel 


MMU 
Protection 


Prefetch Unit 
240182-48 


80376 Microarchitecture 


Intel, IRMK, ICE, 376, 386, Intel386, iSDM, Intel1376 are trademarks of Intel Corp. 
*UNIX is a registered trademark of AT&T. 
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PC-AT is a registered trademark of IBM Corporation. 

VMS is a trademark of Digital Equipment Corporation. 

MS-DOS is a trademark of MicroSoft Corporation. 
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1.0 PIN DESCRIPTION 


TOP VIEW 


240182-52 


Figure 1.1. 80376 100-Pin Quad Flat-Pack Pin Out (Top View) 


Table 1.1. 100-Pin Plastic Quad Flat-Pack Pin Assignments 
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Top View 
(Component Side) 
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Figure 1.2. 80376 88-Pin Grid Array Pin Out 
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Table 1.2. 88-Pin Grid Array Pin Assignments 
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The following table lists a brief description of each pin on the 80376. The following definitions are used in 
these descriptions: 
~ ‘The named signal is active LOW. 
| Input signal. 
O Output signal. 
I/O ‘Input and Output signal. 
No electrical connection. 


ce se Name and Function 


CLK2 CLK2 provides the fundamental timing for the 80376. For additional 
information see Clock in Section 4.1. 

RESET RESET suspends any operation in progress and places the 80376 ina 
known reset state. See Interrupt Signals in Section 4.1 for additional 
information. 


DATA BUS inputs data during memory, I/O and interrupt acknowledge 
read cycles and outputs data during memory and I/O write cycles. See 
Data Bus in Section 4.1 for additional information. 


WRITE/READ is a bus cycle definition pin that acc write 
cycles from read cycles. See Bus Cycle Definition Signals in Section 
4.1 for additional information. 


DATA/CONTROL is a bus cycle definition pin that distinguishes data 
cycles, either memory or |/O, from control cycles which are: interrupt 
acknowledge, halt, and instruction fetching. See Bus Cycle Definition 
Signals in Section 4.1 for additional information. 


MEMORY !/0O is a bus cycle definition pin that distinguishes memory 
cycles from input/output cycles. See Bus Cycle Definition Signals in 
Section 4.1 for additional information. 


BUS LOCK is a bus cycle definition pin that indicates that other 
system bus masters are denied access to the system bus while it is 
active. See Bus Cycle Definition Signals in Section 4.1 for additional 
information. 


ADDRESS STATUS indicates that a valid bus cycle definition and 
address (W/R, D/C, M/IO, BHE, BLE and Aj3-Aj}) are being driven at 
the 80376 pins. See Bus Control Signals in Section 4.1 for additional 
information. 


NEXT ADDRESS is used to request address pipelining. See Bus 
Control Signals in Section 4.1 for additional information. 


READY BUS READY terminates the bus cycle. See Bus Control Signals in 
Section 4.1 for additional information. 


BYTE ENABLES indicate which data bytes of the data bus take part in 
a bus cycle. See Address Bus in Section 4.1 for additional 
information. 


BUS HOLD REQUEST input allows another bus master to request 
control of the local bus. See Bus Arbitration Signals in Section 4.1 
for additional information. 
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Name and Function 


information. 


information. 


2.0 ARCHITECTURE OVERVIEW 


The 80376 supports the protection mechanisms. 


needed by sophisticated multitasking embedded 
systems and real-time operating systems. The use 
of these protection mechanisms is completely op- 


tional. For embedded applications not needing pro- ~ 


tection, the 80376 can easily be configured to pro- 
vide a 16 Mbyte physical address space. 


Instruction pipelining, high bus bandwidth, and a 
very high performance ALU ensure short average 
instruction execution times and high system 
throughput. The 80376 is capable of execution at 
sustained rates of 2.5-3.0 million instructions per 
second. 


The 80376 offers on-chip testability and debugging 
features. Four break point registers allow, conditional 
or unconditional break point traps on code execution 


or data accesses for powerful debugging of even » 


ROM based systems. Other testability features in- 


clude self-test and tri-stating of output buffers during. . 


RESET. 
The Intel 80376 embedded processor consists of a 


central processing unit, a memory management unit 
and a bus interface. The central processing unit con- 
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BUS HOLD ACKNOWLEDGE output indicates that the 80376 has 
surrendered control of its local bus to another bus master. See Bus 
Arbitration Signals in Section 4.1 for additional information. 


INTERRUPT REQUEST is a maskable input that signals the 80376 to 
suspend execution of the current program and execute an interrupt 
acknowledge function. See Interrupt Signals in Section 4.1 for 
additional information. 


NON-MASKABLE INTERRUPT REQUEST is a non-maskable input 
that signals the 80376 to suspend execution of the current program 
and execute an interrupt acknowledge function. See Interrupt Signals 
in Section 4.1 for additional information. 


BUSY signals a busy condition from a processor extension. -See 
Coprocessor Interface Signals in Section 4.1 for additional 


ERROR signals an error condition from a processor extension. See 
Coprocessor Interface Signals in Section 4.1 for additional 


PROCESSOR EXTENSION REQUEST indicates that the processor 
extension has data to be transferred by the 80376. See Coprocessor 
' Interface Signals in Section 4.1 for additional information. 


FLOAT, when active, forces all bidirectional and output signals, 
including HLDA, to the float condition. FLOAT is not available on the 
PGA package. See Float for additional information. | 


N/C NO CONNECT ‘should always remain unconnected. Connection of a 


N/C pin may cause the processor to malfunction or be incompatible 
with future steppings of the 80376. 


SYSTEM POWER provides the +5V nominal D.C. supply input. ) 


SYSTEM GROUND provides 
outputs are measured. — 


OV connection from which all inputs and 


sists of the execution unit and instruction unit. The 


‘execution unit contains the eight 32-bit general reg- 


isters which are used for both address calculation 
and data operations and a 64-bit barrel shifter used 
to speed shift, rotate, multiply, and divide operations. 
The instruction unit decodes the instruction opcodes 
and stores them in the decoded instruction queue 
for immediate use by the execution unit. 


The Memory Management Unit (MMU) consists of a 
segmentation and protection unit. Segmentation al- 
lows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data relocatability, and effi- 
cient sharing. . 


_ The protection unit provides four levels of protection 
- for isolating and protecting applications and the op- 


erating system from each other. The hardware en- 
forced protection allows the design of systems with 
a high degree of integrity and simplifies debugging. 


Finally, to facilitate high performance system hard- 
ware designs, the 80376 bus interface offers ad- 


_ dress pipelining and.direct Byte Enable signals for 


each byte of the data bus. 
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2.1 Register Set 


The 80376 has twenty-nine registers as shown in Figure 2.1. These registers are grouped into the following six 
categories: 


GENERAL PURPOSE 
REGISTERS 


SEGMENT 
REGISTERS 


EFLAGS FLAGS AND 
INSTRUCTION 
EIP POINTER 


CONTROL 
REGISTER 


SYSTEM ADDRESS 
REGISTERS 


LINEAR BREAKPOINT ADDRESS 3 
DEBUG 


Yld55d65i3tttttn) REGISTERS 
WLLL 


BREAKPOINT STATUS 


BREAKPOINT CONTROL 
240182-47 
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Figure 2.1. 80376 Base Architecture Registers 
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General Registers: The eight 32-bit general pur- 
pose registers are used to contain arithmetic and 
logical operands. Four of these (EAX, EBX, ECX and 
EDX) can be used either in their entirety as 32-bit 
registers, as 16-bit registers, or split into pairs of 
separate 8-bit registers. 


Segment Registers: Six 16-bit special purpose reg- 
isters select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. 


Flags and Instruction Pointer Registers: These 
two 32-bit special purpose registers in Figure 2.1 
record or control certain aspects of the 80376 proc- 
essor state. The EFLAGS register includes status 
and control bits that are used to reflect the outcome 
of many instructions and modify the semantics of 
some instructions. The Instruction Pointer, called 
EIP, is 32 bits wide. The Instruction Pointer controls 
instruction fetching and the processor automatically 
increments it after executing an instruction. 


Control Register: The 32-bit control register, CRO, 
is used to control Coprocessor Emulation. 


SPECIAL FIELDS: 


1/0 PRIVILEGE LEVEL 


NESTED TASK 
17 16 18 


o 


14 13]12 


. Si 
‘intel. 
System Address Registers: These four special 
registers reference the tables or segments support- 


ed by the 80376/80386 protection model. These ta- 
bles or segments are: 


GDTR (Global Descriptor Table Register), 
IDTR (Interrupt Descriptor Table Register), 
LDTR (Local Descriptor Table Register), 
TR (Task State Segment Register). 


Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug- 
ging. The use of the debug registers is described in 
Section 2.11 Debugging Support. 


EFLAGS REGISTER 


The flag Register is a 32-bit register named 
EFLAGS. The defined bits and bit fields within 
EFLAGS, shown in Figure 2.2, control certain opera- 
tions and indicate the status of the 80376 processor. 
The function of the flag bits is given in Table 2.1. 


STATUS FLAGS: 


OVERFLOW 
SIGN 

ZERO 

AUX CARRY 
PARITY 


CARRY 
m10, 9 8 - ic 


LL alamlnzzc ETE cIEFLAGS 


CONTROL FLAGS 


TRAP 
INTERRUPT 
DIRECTION 
RESUME 
240182-3 


MONITOR COPROCESSOR 
EMULATE COPROCESSOR 
TASK SWITCHED 


CLA," *|"|"|CRO 


- INTEL RESERVED DO NOT USE 
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Figure 2.2. Status and Control Register Bit Functions 
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Table 2.1. Flag Definitions 


Bit Position | Name | 


F Carry Flag—Set on high-order bit carry or borrow; cleared otherwise. 


Parity Flag—Set if low-order 8 bits of result contain an even number 
of 1-bits; cleared otherwise. 


Auxiliary Carry Flag—Set on carry from or borrow to the low order 
four bits of AL; cleared otherwise. 


Zero Flag—Set if result is zero; cleared otherwise. 

Sign Flag—Set equal to high-order bit of result (0 if positive, 1 if 
negative). 

Single Step Flag—Once set, a single step interrupt occurs after the 
next instruction executes. TF is cleared by the single step interrupt. 


Interrupt-Enable Flag—When set, external interrupts signaled on the 
INTR pin will cause the CPU to transfer control to an interrupt vector 
specified location. 


Direction Flag—Causes string instructions to auto-increment (default) 
the appropriate index registers when cleared. Setting DF causes auto- 
decrement. 


Overflow Flag—Set if the operation resulted in a carry/borrow into 
the sign bit (high-order bit) of the result but did not result in a 
carry/borrow out of the high-order bit or vice-versa. 


I/O Privilege Level—lindicates the maximum CPL permitted to 
execute |/O instructions without generating an exception 13 fault or 
consulting the I/O permission bit map. It also indicates the maximum 
CPL value allowing alteration of the IF bit. 


Nested Task—lIndicates that the execution of the current task is 
nested within another task (see Task Switching). 


Resume Flag—Used in conjunction with debug register breakpoints. It 
is checked at instruction boundaries before breakpoint processing. If 
set, any debug fault is ignored on the next instruction. It is reset at the 
successful completion of any instruction except IRET, POPF, and 
those instructions causing task switches. 
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CONTROL REGISTER 


The 80376 has a 32-bit control register called CRO that is used to control coprocessor emulation. This register 
is shown in Figures, 2.1 and 2.2. The defined CRO bits are described in Table 2.2. Bits 0, 4 and 31 of CRO have 
fixed values in the 80376. These values cannot be changed. Programs that load CRO should always load bits 
0, 4 and 31 with values previously there to be compatible with the 80386. 


Table 2.2. CRO Definitions 


BitPosition | Name | 


Monitor Coprocessor Extension—Allows WAIT instructions to cause 
a processor extension not present exception (number 7). 


Emulate Processor Extension—When set, this bit causes a 
processor extension not present exception (number 7) on ESC 


instructions to allow processor extension emulation. 


Task Switched—When set, this bit indicates the next instruction using 
a processor extension will cause exception 7, allowing software to test 
whether the current processor extension context belongs to the 
current task (see Task Switching). 
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2.2 Instruction Set 


The instruction set is divided into nine categories of 
operations: 


Data Transfer 

Arithmetic 

Shift/Rotate 

String Manipulation 

Bit Manipulation 

Control Transfer 

High Level Language Support 
Operating System Support 
Processor Control 


These 80376 processor instructions are listed in Ta- 
ble 8.1 80376 Instruction Set and Clock Count 
Summary. 


All 80376 processor instructions operate on either 0, 
1, 2 or 3 operands; an operand resides in a register, 
in the instruction itself, or in memory. Most zero op- 
erand instructions (e.g. CLI, STI) take only one byte. 
One operand instructions generally are two bytes 
long. The average instruction is 3.2 bytes long. 
Since the 80376 has a 16-byte prefetch instruction 
queue an average of 5 instructions can be pre- 
fetched. The use of two operands permits the follow- 
ing types of common instructions: 


Register to Register 
Memory to Register 
Immediate to Register 
Memory to Memory 
Register to Memory 
Immediate to Memory 


The operands are either 8-, 16- or 32-bit long. 
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2.3 Memory Organization 


Memory on the 80376 is divided into 8-bit quantities 
(bytes), 16-bit quantities (words), and 32-bit quanti- 
ties (dwords). Words are stored in two consecutive 
bytes in memory with the low-order byte at the low- 
est address. Dwords are stored in four consecutive 
bytes in memory with the low-order byte at the low- 
est address. The address of a word or Dword is the 
byte address of the low-order byte. For maximum 
performance word and dword values should be at 
even physical addresses. | 


In addition to these basic data types the 80376 proc- 
essor supports segments. Memory can be divided 
up into one or more variable length segments, which 
can be shared between programs. 


ADDRESS SPACES 


The 80376 has three types of address spaces: logi- 
cal, linear, and physical. A logical address (also 
known as a virtual address) consists of a selector 
and an offset. A selector is the contents of a seg- 
ment register. An offset is formed by summing all of 
the addressing components (BASE, INDEX, and 
DISPLACEMENT), discussed in Section 2.4 Ad- 
dressing Modes, into an effective address. 


Every selector has a logical base address associat- 
ed with it that can be up to 32 bits in length. This 32- 
bit logical base address is added to either a 32-bit 
offset address or a 16-bit offset address (by using 
the address length prefix )to form a final 32-bit lin- 
ear address. This final linear address is then trun- 
cated so that only the lower 24 bits of this address 
are used to address the 16 Mbytes physical memory 
address space. The logical base address is stored 
in one of two operating system tables (i.e. the Local 
Descriptor Table or Global Descriptor Table). 


Figure 2.3 shows the relationship between the vari- 
ous address spaces. 
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OFFFFFFH 
16 Mbyte 
Physical 
Memory 


Descriptor BHE #, 


Table 
(GDT or LDT) BLE #, 
A23-A1 
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Figure 2.3. Address Translation 


SEGMENT REGISTER USAGE 


The main data structure used to organize memory is 
the segment. On the 80376, segments are variable 
sized blocks of linear addresses which have certain 
attributes associated with them. There are two main 
types of segments, code and data. The simplest use 
of segments is to have one code and data segment. 
Each segment is 16 Mbytes in size overlapping each 
other. This allows code and data to be directly ad- 
dressed by the same offset. 


In order to provide compact instruction encoding 


and increase processor performance, instructions 
do not need to explicitly specify which segment reg- 
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ister is used. The segment register is automatically 
chosen according to the rules of Table 2.3 (Segment 
Register Selection Rules). In general, data refer- 
ences use the selector contained in the DS register, 
stack references use the SS register and instruction 
fetches use the CS register. The contents of the In- 
struction Pointer provide the offset. Special segment 
override prefixes allow the explicit use of a given 
segment register, and override the implicit rules list- 
ed in Table 2.3. The override prefixes also allow the 
use of the ES, FS and GS segment registers. 


There are no restrictions regarding the overlapping 
of the base addresses of any segments. Thus, all 6 
segments could have the base address set to zero. 
Further details of segmentation are discussed in 
Section 3.0 Architecture. 
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Table 2.3. Segment Register Selection Rules 


Code Fetch 

Destination of PUSH, PUSHF, INT, 
CALL, PUSHA Instructions 

Source of POP, POPA, POPF, IRET, 
RET Instructions 


Destination of STOS, 
MOVS, REP STOS, 
REP MOVS Instructions 
(DI is Base Register) 


Other Data References, 
with Effective Address 
Using Base Register of: 
[EAX] 

[EBX] 

[ECX] 

[EDX] 

[ESI] 

[EDI] 

[EBP] 

[ESP] 


2.4 Addressing Modes 


The 80376 provides a total of 8 addressing modes 
for instructions to specify operands. The addressing 
modes are optimized to allow the efficient execution 
of high level languages such as C and FORTRAN, 
and they cover the vast majority of data references 
needed by high-level languages. 


Two of the addressing modes provide for instruc- 
tions that operate on register or immediate oper- 
ands: 


Register Operand Mode: The operand is located in 
one of the 8-, 16- or 32-bit general registers. 


immediate Operand Mode: The operand is includ- 
ed in the instruction as part of the opcode. 


The remaining 6 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg- 


Type of implied (Default) Segment Override 

Memory Reference Segment Use Prefixes Possible 
i POM a ae 
Se ae 


CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 
CS, SS, ES, FS, GS 


ment base address and an effective address. The 
effective address is calculated by summing any 
combination of the following three address elements 
(see Figure 2.3): 


DISPLACEMENT: an 8-, 16- or 32-bit immediate val- 
ue following the instruction. 


BASE: The contents of any general purpose regis- 
ter. The base registers are generally used by compil- 
ers to point to the start of the local variable area. 
Note that if the Address Length Prefix is used, only 
BX and BP can be used as a BASE register. 


INDEX: The contents of any general purpose regis- 
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char- 
acters. The index register’s value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. The scaled index 
is especially useful for accessing arrays or struc- 
tures. Note that if the Address Length Prefix is 
used, no Scaling is available and only the registers 
SI and DI can be used to INDEX. 
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Combinations of these 3 components make up the 6 
additional addressing modes. There is no perform- 
ance penalty for using any of these addressing com- 
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 
The one exception is the simultaneous use of BASE 


and INDEX components which requires one addi- 
tional clock. 


As shown in Figure 2.4, the effective address (EA) of 
an operand is calculated according to the following 
formula: 


EA = BASEpecister + (INDEXRegister X Scaling) + 
DISPLACEMENT 


1. Direct Mode: The operand’s offset is contained 
as part of the instruction as an 8-, 16- or 32-bit 
DISPLACEMENT. 


SEGMENT REGISTER 


{asc 


EFFECTIVE 
ADDRESS 


LINEAR 


DESCRIPTOR REGISTERS 


ACCESS RIGHTS ©S 


BASE ADDRESS 
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. Register Indirect Mode: A BASE register con- 


tains the address of the operand. 


. Based Mode: A BASE register’s contents is add- 


ed to a DISPLACEMENT to form the operand’s 
offset. 


. Scaled Index Mode: An INDEX register’s con- 


tents is multiplied by a SCALING factor which is 
added to a DISPLACEMENT to form the oper- 
and’s offset. 


. Based Scaled Index Mode: The contents of an 


INDEX register is multiplied by a SCALING factor 
and the result is added to the contents of a BASE 
register to obtain the operand’s offset. 


. Based Scaled Index Mode with Displacement: 


The contents of an INDEX register are multiplied 
by a SCALING factor, and the result is added to 
the contents of a BASE register and a DISPLACE- 
MENT to form the operand’s offset. 


BASE REGISTER 
INDEX REGISTER 


DISPLACEMENT 
(IN INSTRUCTION) 


SEGMENT 


eel on: 
ADDRESS 
(*)}————> | Tarcer avpress 


SEGMENT BASE ADDRESS 


Figure 2.4. Addressing Mode Calculations 


SELECTED 
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GENERATING 16-BIT ADDRESSES 


The 80376 executes code with a default length for 
operands and addresses of 32 bits. The 80376 is 
also able to execute operands and addresses of 16 
bits. This is specified through the use of override 
prefixes. Two prefixes, the Operand Length Prefix 
and the Address Length Prefix, override the de- 
fault 32-bit length on an individual instruction basis. 
These prefixes are automatically added by assem- 


a 
intel. 
blers. The Operand Length and Address Length Pre- 


fixes can be applied separately or in combination to 
any instruction. 


The 80376 normally executes 32-bit code and uses 
either 8- or 32-bit displacements, and any register 
can be used as based or index registers. When exe- 
cuting 16-bit code (by prefix overrides), the displace- 
ments are either 8 or 16 bits, and the base and index 
register conform to the 16-bit model. Table 2.4 illus- 


trates the differences. 


Table 2.4. BASE and INDEX Registers for 16- and 32-Bit Addresses 


Long Integer (Double Word): 


Unsigned Integer (Word): 
Unsigned Long Integer 


| | 46-Bit Addressing |  32-Bit Addressing 
BASE REGISTER | BX, BP Any 32-Bit GP Register 


INDEX REGISTER Any 32-Bit GP Register 
except ESP 
DISPLACMENT 0, 8, 16 Bits 


1,2,4,8 


0, 8, 32 Bits 


A group of up to 32 contiguous bits, which spans a maximum of four 


A set of contiguous bits, on the 80376 bit strings can be up to 16 Mbits 


2.5 Data Types 
The 80376 supports all of the data types commonly used in high level languages: 
Bit: A single bit quantity. 
Bit Field: 
bytes. 
Bit String: 
long. 
Byte: A signed 8-bit quantity. 
Unsigned Byte: An unsigned 8-bit quantity. 
Integer (Word): A signed 16-bit quantity. 


A signed 32-bit quantity. All operations assume a 2’s complement 
representation. 


An unsigned 16-bit quantity. 


(Double Word): An unsigned 32-bit quantity. 
Signed Quad Word: A signed 64-bit quantity. 
Unsigned Quad Word: An unsigned 64-bit quantity. 
Pointer: 


Long Pointer: 


Char: 
String: 


BCD: 
Packed BCD: 
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A 16- or 32-bit offset only quantity which indirectly references another 
memory location. 


A full pointer which consists of a 16-bit segment selector and either a 
16- or 32-bit offset. 


A byte representation of an ASCII Alphanumeric or control character. 


A contiguous sequence of bytes, words or dwords. A string may 
contain between 1 byte and 16 Mbytes. 


A byte (unpacked) representation of decimal digits 0-9. 


A byte (packed) representation of two decimal digits O—9 storing one 
digit in each nibble. 
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When the 80376 is coupled with a numerics Coprocessor such as the 80387SX then the following 
common Floating Point types are supported. 


Floating Point: A signed 32-, 64- or 80-bit real number representation. Floating point 
numbers are supported by the 80387SX numerics coprocessor. 


Figure 2.5 illustrates the data types supported by the 80376 processor and the 80387SX coprocessor. 


7 
SIGNED BINARY 
BYTE CODED 


SIGN BIT} DECIMAL pcp a. aan 
MAGNITUDE (BCD) piciT N DIGIT 1 DIGIT o 


7 0 


+N +1 0 
7 0 7 07 ) 
Ml soPT] eee [TTT 
Ree ASCII ASCII ASCII 
MAGNITUDE CHARACTER, = CHARACTER, CHARACTERp 


+1 0 
1514 87 0 


SIGNED PACKED 
WORD BCD 
SIGN BITTECMSB_ 
MOST LEAST 
MAGNITUDE SIGNIFICANT DIGIT SIGNIFICANT DIGIT 


+N +1 0 
7/15 0 7/15 C7sis 3&6 
UNSIGNED BYTE 
WORD STRING Pt | eee 
MAGNITUDE 


+2 GIGABITS -2 GIGABITS 


71615. 


SIGNED Moker BIT 
WORD STRING 


SIGN BIT—4 = oes 
MAGNITUDE 


+3 +2 +1 0 +3 
= SHORT at 
UNSIGNED DOUBLE 
WORD 32=BIT 
POINTER 
6 ee ae eee. 
MAGNITUDE 


#7 #6 45 #5 $3 #2 41 «0 +5 +4 +3 +2 +1 
63 48 47 32 31 1615 


0 47 
SIGNED QUAD LONG 
WORD Bota 
SIGN BIT = i MSB j 
MAGNITUDE SELECTOR OFFSET 


#9 #8 #7 +6 #5 #4 3 «42 «41«0 
79 0 


FLOATING 
POINT* 
SIGN BIT j 
EXPONENT MAGNITUDE 


+5 +4 +3 | 0 


32=BIT 
BIT FIELD *SUPPORTED BY 80387SX 
NUMERIC DATA 
LenB FILS ——— el 
1 TO 32 BITS COPROCESSOR 
240182-8 


Figure 2.5. 80376 Supported Data Types 
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2.6 I/O Space 


The 80376 has two distinct physical address 
spaces: physical memory and |/O. Generally, pe- 
ripherals are placed in I/O space although the 
80376 also supports memory-mapped peripherals. 
The !/O space consists of 64 Kbytes which can-be 
divided into 64K 8-bit ports, 32K 16-bit ports, or any 
combination of ports which add to no more than 64 
Kbytes. The M/IO pin acts as an additional address 
line, thus allowing the system designer to easily de- 
termine which address space the processor is ac- 
cessing. Note that the |/O address refers to a physi- 
cal address. 


The I/O ports are accessed by the IN and OUT in- 
structions, with the port address supplied as an im- 
mediate 8-bit constant in the instruction or in the DX 
register. All 8-bit and 16-bit port addresses are zero 
extended on the upper address lines. The I/O in- 
structions cause the M/IO pin to, be driven LOW. I/O 
port addresses OOF8H through OOFFH are reserved 
for use by Intel. 


2.7 interrupts and Exceptions 


Interrupts and exceptions alter the normal program 
flow in order to handle external events, report errors 
or exceptional conditons. The difference between in- 
terrupts and exceptions is that interrupts are used to 
handle asynchronous external events while excep- 
tions handle instruction faults. Although a program 
can generate a software interrupt via an INT N in- 
struction, the processor treats software interrupts as 
exceptions. 


Hardware interrupts occur as the result of an exter- 
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter- 
rupt handler is finished servicing the interrupt, exe- 
cution proceeds with the instruction immediately af- 
ter the interrupted instruction. 


Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth- 
er or not restart of the instruction causing the excep- 
tion is suported. Faults are exceptions that are de- 
tected and serviced before the execution of the 
faulting instruction. Traps are exceptions that are 
reported immediately after the execution of the in- 
struction which caused the problem. Aborts are ex- 
ceptions which do not permit the precise location of 
the instruction causing the exception to be deter- 
mined. Thus, when an interrupt service routine has 
been completed, execution proceeds from the in- 
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struction immediately following the interrupted in- 
struction. On the other hand the return address from 
an exception/fault routine will always point at the 
instruction causing the exception and include any 
leading instruction prefixes. Table 2.5 summarizes 
the possible interrupts for the 80376 and shows 
where the return address points to. 


The 80376 has the ability to handle up to 256 differ- 
ent interrupts/exceptions. In order to service the in- 
terrupts, a table with up to 256 interrupt vectors 
must be defined. The interrupt vectors are simply 
pointers to the appropriate interrupt service routine. 
The interrupt vectors are 8-byte quantities, which are 
put in an Interrupt Descriptor Table. Of the 256 pos- 
sible interrupts, 32 are reserved for use by Intel and 
the remaining 224 are free to be used by the system 
designer. 


INTERRUPT PROCESSING 


When an interrupt occurs the following actions hap- 
pen. First, the current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is sup- 
plied to the 80376 which identifies the appropriate 
entry in the interrupt table. The table contains either 
an Interrupt Gate, a Trap Gate or a Task Gate that 
will point to an interrupt procedure or task. The user 
supplied interrupt service routine is executed. Final- 
ly, when an IRET instruction is executed the old 
processor state is restored and program execution 
resumes at the appropriate instruction. 


The 8-bit interrupt vector is supplied to the 80376 in 
several different ways: exceptions supply the inter- 
rupt vector internally; software INT instructions con- 
tain or imply the vector; maskable hardware inter- 
rupts supply the 8-bit vector via the interrupt ac- 
knowledge bus sequence. Non-Maskable hardware 
interrupts are assigned to interrupt vector 2. 


Maskable Interrupt 


Maskable interrupts are the most common way to 
respond to asynchronous external hardware events. 
A hardware interrupt occurs when the INTR is pulled 
HIGH and the Interrupt Flag bit (IF) is enabled. The 
processor only responds to interrupts between in- 
structions (string instructions have an “interrupt win- 
dow” between memory moves which allows inter- 
rupts during long string moves). When an interrupt 
occurs the processor reads an 8-bit vector supplied 
by the hardware which identifies the source of the 
interrupt (one of 224 user defined interrupts). 
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Table 2.5. Interrupt Vector Assignments 


One-Byte Interrupt 


Interrupt on Overflow 


Array Bounds Check 


Return Address 
Points to 
Faulting 
Instruction 


Instruction Which 
Can Cause 


Exception 


*Some debug exceptions may report both traps on the previous instruction, and faults on the next instruction. 


Interrupts through Interrupt Gates automatically re- 
set IF, disabling INTR requests. Interrupts through 
Trap Gates leave the state of the IF bit unchanged. 
Interrupts through a Task Gate change the IF bit ac- 
cording to the image of the EFLAGs register in the 
task’s Task State Segment (TSS). When an IRET 
instruction is executed, the original state of the IF bit 
is restored. 


Non-Maskable Interrupt 


Non-maskable interrupts provide a method of servic- 
ing very high priority interrupts. When the NMI input 
is pulled HIGH it causes an interrupt with an internal- 
ly supplied vector value of 2. Unlike a normal hard- 
ware interrupt no interrupt acknowledgement se- 
quence is performed for an NMI. 


While executing the NMI servicing procedure, the 


80376 will not service any further NMI request, or 
INT requests, until an interrupt return (IRET) instruc- 
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tion is executed or the processor is reset. If NMI 
occurs while currently servicing an NMI, its presence 
will be saved for servicing after executing the first 
IRET instruction. The disabling of INTR requests de- 
pends on the gate in IDT location 2. 


Software Interrupts 


A third type of interrupt/exception for the 80376 is 
the software interrupt. An INT n instruction causes 
the processor to execute the interrupt service rou- 
tine pointed to by the nth vector in the interrupt table. 


A special case of the two byte software interrupt 
INT n is the one byte INT 3, or breakpoint interrupt. 
By inserting this one byte instruction in a program, 
the user can set breakpoints in his program as a 
debugging tool. 
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A final type of software interrupt, is the single step 
interrupt. It is discussed in Single-Step Trap (page 
22). 


INTERRUPT AND EXCEPTION PRIORITIES 


Interrupts are externally-generated events. Maska- 
ble Interrupts (on the INTR input) and Non-Maskable 
Interrupts (on the NMI input) are recognized at in- 
struction boundaries. When NMI and maskable 
INTR are both recognized at the same instruction 
boundary, the 80376 invokes the NMI service rou- 
tine first. If, after the NMI service routine has been 
invoked, maskable interrupts are still enabled, then 
the 80376 will invoke the appropriate interrupt serv- 
ice routine. 


As the 80376 executes instructions, it follows a con- 
sistent cycle in checking for exceptions, as shown in 
Table 2.6. This cycle is repeated as each instruction 
is executed, and occurs in parallel with instruction 
decoding and execution. 


INSTRUCTION RESTART 


The 80376 fully supports restarting all instructions 
after faults. If an exception is detected in the instruc- 
tion to be executed (exception categories 4 through 
9 in Table 2.6), the 80376 device invokes the appro- 
priate exception service routine. The 80376 is ina 
state that permits restart of the instruction. 
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A Double fault (exception 8) results when the proc- 
essor attempts to invoke an exception service rou- 
tine for the segment exceptions (10, 11, 12 or 13), 
but in the process of doing so, detects an exception. 


DOUBLE FAULT 


2.8 Reset and Initialization 


When the processor is Reset the registers have the 
values shown in Table 2.7. The 80376 will then start 
executing instructions near the top of physical mem- 
ory, at location OFFFFFOH. A short JMP should be 
executed within the segment defined for power-up 
(see Table 2.7). The GDT should then be initialized 
for a start-up data and code segment followed by a 
far JMP that will load the segment descriptor cache 
with the new descriptor values. The IDT table, after 
reset, is located at physical address OH, with a limit 
of 256 entries. 


RESET forces the 80376 to terminate all execution 
and local bus activity. No instruction execution or 
bus activity will occur as long as Reset is active. 
Between 350 and 450 CLK2 periods after Reset be- 
comes inactive, the 80376 will start executing in- 
structions at the top of physical memory. 


Table 2.6. Sequence of Exception Checking 


Consider the case of the 80376 having just completed an instruction. It then performs the following checks 
before reaching the point where the next instruction is completed: 


. Check for Exception 1 Traps from the instruction just completed (single-step via Trap Flag, or Data 


Breakpoints set in the Debug Registers). 
. Check for external NMI and INTR. 


. Check for Exception 1 Faults in the next instruction (Instruction Execution Breakpoint set in the 


Debug Registers for the next instruction). 


. Check for Segmentation Faults that prevented fetching the entire next instruction (exceptions 11 or 


13). 


. Check for Faults decoding the next instruction (exception 6 if illegal opcode; or exception 13 if 
instruction is longer than 15 bytes, or privilege violation (i.e. not at IOPL or at CPL = 0). 


. lf WAIT opcode, check if TS = 1 and MP = 1 (exception 7 if both are 1). 
. lf ESCape opcode for numeric coprocessor, check if EM = 1 or TS = 1 (exception 7 if either are 1). 
. lf WAIT opcode or ESCape opcode for numeric coprocessor, check ERROR input signal (exception 


16 if ERROR input is asserted). 


. Check for Segmentation Faults that prevent transferring the entire memory quantity (exceptions 11, 


12, 13). 


3-18 


PRELIMINARY 


s. | 
intel ‘ 376 EMBEDDED PROCESSOR 


Table 2.7. Register Values after Reset 


; — uuuu0002H (Note 1) 


OOOOH (Note 4) 
OO00H 


OOOOH 
0000H (Note 5) 
Component and Stepping ID (Note 6) 
| Undefined (Note 7) 
NOTES: 


1. EFLAG Register. The upper 14 bits of the EFLAGS register are undefined, all defined 
flag bits are zero. 

2. CRO: The defined 4 bits in the CRO is equal to 1H. 

3. The Code Segment Register (CS) will have its Base Address set to OFFFFOOOOH and 
Limit set to OFFFFH. 

4. The Data and Extra Segment Registers (DS and ES) will have their Base Address set 
to OOOOOD000H and Limit set to OFFFFH. 

5. If self-test is selected, the EAX should contain a 0 value. If a value of 0 is not found 
the self-test has detected a flaw in the part. 

6. EDX register always holds component and stepping identifier. 

7. All unidentified bits are Intel Reserved and should not be used. 


2.9 Initialization 


Because the 80376 processor starts executing in protected mode, certain precautions need be taken during 
initialization. Before any far jumps can take place the GDT and/or LDT tables need to be setup and their 
respective registers loaded. Before interrupts can be initialized the IDT table must be setup and the IDTR must 
be loaded. The example code is shown below: 


3K 3K 3K 9 9 ok ok 9 2k 9k ok 2K 9K ok ok 2K 2K 2 9K oie ok 9K 2K ie ie 2 2 9 2k oe 2 3 2K a ok 2k 2K 2K Kk 2 ok 2k 2 9K ik 2k 2k 2K ak oie 2k ae 2k 2k ok 2k 2k 2 ok 3K 2k ae 2K 2K 


This is an example of startup code to put either an 80576, 
80386SX or 80386 into flat mode. All of memory is treated as 
Simple linear RAM. There are no interrupt routines. The 

Builder creates the GDT-alias and IDT-alias and places them, 

by default, in GDT[l] and GDT[2]. Other entries in the GDT 

are specified in the Build file. After initialization it jumps 
to a C startup routine. To use this template, change this jmp 
address to that of your code, or make the label of your code 

"ce _ startup”. 


This code was assembled and built using version 1.2 of the 
Intel RLL utilities and Intel 586ASM assembler. 


a This code was tested ee 


3K 3 3K 3k ok ke oie 2k oie 2k ok ofc ake ofc akc oie oft oie ok 2 oie ok ake ok 2K ok ok ok ok 2 2K ok 2c ok 2K ie ok 2K aie 2K 2K ok ae 2K SE OK 2k 2K 2K 2k ok ok 2 OK ok 2K 3 OK OK 2K ok 3K OK 


we we we we we ewe we we 2we we we ewe ewe we 6©e ewe ee we 
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NAME FLAT ; 
EXTRN 

pe_flag equ l 
data_selc equ 20h . 


name of the object module 


c_startup:near ; this is the label jmped to after init 


assume code is GDT[3], data GDT[4] 


INIT_CODE SEGMENT ER PUBLIC USES2 ; Segment base at Offfffrrsoh 


PUBLIC GDT_DESC 


gdt_desc 
PUBLIC 


‘starts 
cld 


dq ? 


START 


smsw bx 


test 
jnz 


Bled 
pestart 


realstart 
db 66h 


mov eax,offset gdt_desc 


xor 
mov 
move 


ebx,ebx 
bh,ah 
bl, €1 


db 67h 
db 66h 


lgdt 


cs:[ebx] 


smSw ax 
or al,pe_flag 
lmsw ax 


jmp 
pestart: 


mov ebx,offset gdt_desc 


xor 
mov 
lgdt 
xor 
mov 
mov 
mov 
mov 
mov 
mov 
jmp 

next : 
xor 
mov 
mov 
mov 
mov 
mov 
mov 


next 


eax, eax 
ax, bx 
cs:[eax] 

ebx,ebx 
bl,data_selc 
ds,bx 

Ss, bx 

es, bx 

fa, bx 

gS, bx 

pe jump 


ebx,ebx 
bl,data_selc 
ds,bx 

8s,bx 

es, bx 

fs,bx 

gS,bx 


db 66h 


pejump: 
jmp 


org 
jmp 


far ptr c_startup 


70h 
short start 


INIT_CODE ENDS 


END 
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we 


we we 


we we 


we we 


we 


clear direction flag 
check for processor (80576) at reset 
use SMSW rather than MOV for speed 


is an 80386 and in real mode 

force the next operand into 32-bit mode. 
move address of the GDT descriptor into eax 
clear ebx 

load 8 bits of address into bh 

load 8 bits of address into bl 

use the 32-bit form of LGDT to load 


the 32-bits of address into the GDIR 
go into protected mode (set PE bit) 


flush prefetch queue 


lower portion of address only 


initialize data selectors 
GDT[3] 


initialize data selectors 
GDT[3] 


for the 80386, need to make a 32-bit jump 
but the 80376 is already 32-bit. 


only if segment base is at Ofrfrrrfrfsoh 
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This code should be linked into your application for boot loadable code. The following build file illustrates how 
this is accomplished. » 


FLAT; -= build program id 


SEGMENT 
*segments (dpl=0), -- Give all usSer Segments a DPL of 0. 
—~phantom_code_ (dpl=0), -- These two segments are created by 
~phantom_data_ (dpl=0), -- the builder when the FLAT control is used. 
init_code (base=Offffffs80h) ; -— Put startup code at the reset vector area. 
GATE 
gis (entry=15, dpl=0, trap), -- trap gate disables interrupts 
132 (entry=32, dpl=0, interrupt), <= interrupt gates doesn't 
TABLE 


-- create GDT 


GDT (LOCATION = GDT_DESC, -- In a buffer starting at GDI_DESC, 
-- BLD386 places the GDT base and 
-- GDT limit values. Buffer must be 
-- 6 bytes long. The base and limit 
-- values are places in this buffer 
-- aS two bytes of limit plus 
-- four bytes of base in the format 
-- required for use by the LGDT 
-- instruction. 


ENTRY = (3:_phantom_code_, -- Explicitly place segment 
4:_phantom_data_, -- entries into the GDT. 
5scode3s2, 

6 :data, 
7:init_code) 
TASK 
MAIN_TASK 
( 
Drb = 0, -- Task privilege level is 0. 
DATA = DATA, -- Points to a segment that 
-- indicates initial DS value. 
CODE = main, =-- Entry point is main, which 
-- must be a public id. 
STACKS = (DATA), -- Segment id points to stack 
-- segment. Sets the initial SS:ESP. 
NO INTENABLED, -- Disable interrupts. 
PRESENT -- Present bit in TSS set to l. 
)3 
MEMORY 
(RANGE = (EPROM = ROM(Offffsooonh..orrrrffrfrfh), 
DRAM = RAM(0..0ffffh)), 
ALLOCATE = (EPROM = (MAIN_TASK) )) ; 
END © 


asm386 flatsim.a38 debug 

asm386 application.a38 debug 

bnd386. application.obj,flatsim.obj nolo debug oj (application. bnd) 
b1d386 application.bnd bf (flatsim.bld) bl flat 


Commands to assemble and build a boot-loadable application named “application.a38”’. The initialization code 
is called “‘flatsim.a38”, and build file is called “application.bld”’. 
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2.10 Self-Test 


The 80376 has the capability to perform a self-test. 
The self-test checks the function of all of the Control 
ROM and most of the non-random logic of the part. 
Approximately one-half of the 80376 can be tested 
during self-test. 


Self-Test is initiated on the 80376 when the RESET 
pin transitions from HIGH to LOW, and the BUSY pin 
is LOW. The self-test takes about 229 clocks, or ap- 
proximately 33 ms with a 16 MHz 80376 processor. 
At the completion of self-test the processor per- 
forms reset and begins normal operation. The part 
has successfully passed self-test if the contents of 
the EAX register is zero. If the EAX register is not 
zero then the self-test has detected a flaw in the 
part. If self-test is not selected after reset, EAX may 
be non-zero after reset. 


DEBUG REGISTERS 


BREAKPOINT 0 DEBUG FAULT/TRAP 
BREAKPOINT 1 DEBUG FAULT/TRAP 
BREAKPOINT 2 DEBUG FAULT/TRAP 
BREAKPOINT 3 DEBUG FAULT/TRAP 
REGISTER ACCESS FAULT 
SINGLE=STEP DEBUG TRAP 

TASK SWITCH DEBUG TRAP 


2.11 Debugging Support 


The 80376 provides several features which simplify 
the debugging process. The three categories of on- 
chip debugging aids are: 


1. The code execution breakpoint opcode (OCCH). 
2. The single-step capability provided by the TF bit 
in the flag register, and 


3. The code and data breakpoint capability provided 
by the Debug Registers DRO-3, DR6, and DR7. 


BREAKPOINT INSTRUCTION 


A single-byte software interrupt (Int 3) breakpoint in- 
struction is available for use by software debuggers. 
The breakpoint opcode is OCCh, and generates an 
exception 3 trap when executed. 


DEBUG 
STATUS 
REGISTER 


MMMMMMXZWW~"MM@I EO 


Gi: GLOBAL BREAKPOINT ENABLE i 
Li: LOCAL BREAKPOINT ENABLE i 


LOCAL EXACT BREAKPOINT MATCH 
GLOBAL EXACT BREAKPOINT MATCH 
GLOBAL DEBUG REGISTER ACCESS DETECT 


5150 229; 28: 27.26. 25) 24.23) 22 21. 20 19/18 iF 16 


PSCIEACaCICICICIZo 


15 14 13 
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BREAKPOINT 
CONTROL 


DR7 


Ze EEEEEE 


LENi: BREAKPOINT LENGTH i 
RWi: MEMORY ACCESS QUALIFIER i 
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- INTEL RESERVED DO NOT USE 


240182-5 


Figure 2.6. Debug Registers 
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SINGLE-STEP TRAP 


If the single-step flag (TF, bit 8) in the EFLAG regis- 
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex- 
ception is auto vectored to exception number 1. 


The Debug Registers are an advanced debugging 
feature of the 80376. They allow data access break- 
points as well as code execution breakpoints. Since 
the breakpoints are indicated by on-chip registers, 
an instruction execution breakpoint can be placed in 
ROM code or in code shared by several tasks, nei- 
ther of which can be supported by the INT 3 break- 
point opcode. 


The 80376 contains six Debug Registers, consisting 
of four breakpoint address registers and two break- 
point control registers. Initially after reset, break- 
points are in the disabled state; therefore, no break- 
points will occur unless the debug registers are 
programmed. Breakpoints set up in the Debug 
Registers are auto-vectored to exception 1. 
Figure 2.6 shows the breakpoint status and control 
registers. 
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Figure 3.1. Address Calculation 
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3.0 ARCHITECTURE 


The Intel 80376 Embedded Processor has a physi- 
cal address space of 16 Mbytes (224 bytes) and al- 
lows the running of virtual memory programs of al- 
most unlimited size (16 Kbytes <x 16 Mbytes or 
256 Gbytes (238 bytes)). In addition the 80376 pro- 


vides a sophisticated memory management and a 


hardware-assisted protection mechanism. 


3.1 Addressing Mechanism 


The 80376 uses two components to form the logical 
address, a 16-bit selector which determines the lin- 
ear base address of a segment, and a 32-bit effec- 
tive address. The selector is used to specify an 
index into an operating system defined table (see 
Figure 3.1). The table contains the 32-bit base ad- 
dress of a given segment. The linear address is 
formed by adding the base address obtained from 


the table to the 32-bit effective address. This value ~ 


is truncated to 24 bits to form the physical address, 
which is then placed on the address bus. 


SEGMENT LIMIT 


SELECTED 
SEGMENT 
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3.2 Segmentation 


Segmentation is one method of memory manage- 
ment and provides the basis for protection in the 
80376. Segments are used to encapsulate regions 
~ of memory which have common attributes. For ex- 
ample, all of the code of a given program could be 
contained in a segment, or an operating system ta- 
ble may reside in a segment. All information about 
each segment, is stored in an 8-byte data structure 
called a descriptor. All of the descriptors in a system 
are contained in tables recognized by hardware. 


TERMINOLOGY 


The following terms are used throughout the discus- 
sion of descriptors, privilege levels and protection: 


PL: Privilege Level—One of the four hierarchical 
privilege levels. Level 0 is the most privileged 
level and level 3 is the least privileged. 


RPL: Requestor Privilege Level—The privilege 
level of the original supplier of the selector. 
RPL is determined by the least two significant 
bits of a selector. 


DPL: Descriptor Privilege Level—This is the least 
privileged level at which a task may access 
that descriptor (and the segment associated 
with that descriptor). Descriptor Privilege Lev- 
el is determined by bits 6:5 in the Access 
Right Byte of a descriptor. 


CPL: Current Privilege Level—The privilege level 
at which a task is currently executing, which 
equals the privilege level of the code seg- 
ment being executed. CPL can also be deter- 
mined by examining the lowest 2 bits of the 
CS register, except for conforming code seg- 
ments. 


EPL: Effective Privilege Level—The effective 
privilege level is the least privileged of the 
RPL and the DPL. EPL is the numerical maxi- 
mum of RPL and DPL. 


Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 


DESCRIPTOR TABLES 


The descriptor tables define all of the segments 
which are used in an 80376 system. There are three 
types of tables on the 80376 which hold descriptors: 
the Global Descriptor Table, Local Descriptor Table, 
and the Interrupt Decriptor Table. All of the tables 
are variable length memory arrays, they can range in 
size between 8 bytes and 64 Kbytes. Each table can 
hold up to 8192 8-byte descriptors. The upper 13 
bits of a selector are used as an index into the de- 
scriptor table. The tables have registers associated 
with them which hold the 32-bit linear base address, 
and the 16-bit limit of each table. 


3-24 


i ! | 
intel. 
Each of the tables have a register associated with it: 
GDTR, LDTR and IDTR; see Figure 3.2. The LGDT, 
LLDT and LIDT instructions load the base and limit 
of the Global, Local and Interrupt Descriptor Tables 
into the appropriate register. The SGDT, SLDT and 


SIDT store these base and limit values. These are 
privileged instructions. : 


15 


LDT DESCR 
SELECTOR 


LDT LIMIT 


] 
6 
6 
8 
] 
é 
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] 
Q 
4 
i 
L] 


15 
32 
IDT LIMIT ' PROGRAM INVISIBLE 
* AUTOMATICALLY LOADED ; 
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LINEAR ADDRESS 


31 0 


15 0 
GDT LIMIT 
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LINEAR ADDRESS 
31 0 


Figure 3.2. Descriptor Table Registers 
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Global Descriptor Table 


The Global Descriptor Table (GDT) contains de- 
scriptors which are possibly available to all of the 
tasks in a system. The GDT can contain any type of 
segment descriptor except for interrupt and trap de- 
scriptors. Every 80376 system contains a GDT. A 
simple 80376 system contains only 2 entries in the 
GDT; a code and a data descriptor. For maximum 
performance, descriptor tables should begin on 
even addresses. 


The first slot of the Global Descriptor Table corre- 
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 


Local Descriptor Table 


LDTs contain descriptors which are associated with 
a given task. Generally, operating systems are de- 
signed so that each task has a separate LDT. The 
LDT may contain only code, data, stack, task gate, 
and call gate descriptors. LDTs provide a mecha- 
nism for isolating a given task’s code and data seg- 
ments from the rest of the operating system, while 
the GDT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac- 
cessed by a task if its segment descriptor does not 
exist in either the current LDT or the GDT. This pro- 
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vides both isolation and protection for a task’s seg- 


ments, while still allowing global data to be shared 
among tasks. 


Unlike the 6-byte GDT or IDT registers which contain 
a base address and limit, the visible portion of the 
LDT register contains only a 16-bit selector. This se- 
lector refers to a Local Descriptor Table descriptor in 
the GDT (see Figure 2.1). 


INTERRUPT DESCRIPTOR TABLE 


The third table needed for 80376 systems is the In- 
terrupt Descriptor Table. The IDT contains the de- 
scriptors which point to the location of up to 256 
interrupt service routines. The IDT may contain only 
task gates, interrupt gates and trap gates. The IDT 
should be at least 256 bytes in size in order to hold 
the descriptors for the 32 Intel Reserved Interrupts. 
Every interrupt used by a system must have an entry 
in the IDT. The IDT entries are referenced by INT 
instructions, external interrupt vectors, and excep- 
tions. 


DESCRIPTORS 


The object to which the segment selector points to 
is called a descriptor. Descriptors are eight-byte 
quantities which contain attributes about a given 
region of linear address space. These attributes in- 
clude the 32-bit logical base address of the seg- 
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ment, the 20-bit length and granularity of the seg- 
ment, the protection level, read, write or execute 
privileges, and the type of segment. All of the attri- 
bute information about a segment is contained in 12 
bits in the segment descriptor. Figure 3.3 shows the 
general format of a descriptor. All segments on the 
the 80376 have three attribute fields in common: the 
Present bit (P), the Descriptor Privilege Level bits 
(DPL) and the Segment bit (S). P=1 if the segment 
is loaded in physical memory, if P = O then any 
attempt to access the segment causes a not present 
exception (exception 11). The DPL is a two-bit field 
which specifies the protection level, O-3, associated 
with a segment. 


The 80376 has two main categories of segments: 
system segments, and non-system segments (for 
code and data). The segment bit, S, determines if a 
given segment is a system segment, a code seg- 
ment or a data segment. If the S bit is 1 then the 
segment is either a code or data segment, if it is 0 
then the segment is a system segment. 


Note that although the 80376 is limited to a 
16-Mbyte Physical address space (224), its base ad- 
dress allows a segment to be placed anywhere ina 
4-Gbyte linear address space. When writing code for 
the 80376, users should keep code portability to an 
80386 processor (or other processors with a larger 
physical address space) in mind. A segment base 
‘address can be placed anywhere in this 4-Gbyte lin- 
ear address space, but a physical address will be 


31 0...) BYTE 
ADDRESS 
SEGMENT BASE 15...0 SEGMENT LIMIT 15...0 0 
A 
+4 
BASE Gl 4 V LIMIT S TYPE A BASE 
31...24 | 19--. 16 23 ...+16 
BASE Base Address of the segment 
LIMIT The length of the segment 
P Present Bit 1 = Present 0O = Not Present 
DPL Descriptor Privilege Level 0-3 
Ss Segment Descriptor: 0 = System Descriptor, 1 = Code or Data Descriptor 
TYPE Type of Segment 
A Accessed Bit 
G Granularity Bit 1 = Segment length is 4 Kbyte Granular 
0 = Segment length is byte granular 
0 Bit must be zero (0) for compatibility with future processors 
AVL Available field for user or OS 
Figure 3.3. Segment Descriptors 
31 0 


BASE | «|, : LIMIT 
31...24 Y)19...16 


SEGMENT BASE 15...0 SEGMENT LIMIT 15...0 |: 


ACCESS 
RIGHTS 
BYTE 
Granularity Bit 1 = Segment length is 4 Kbyte granular 


0 = Segment length is byte granular 
Bit must be zero (0) for compatibility with future processors 


AVL Available field for user or OS 


Figure 3.4. Code and Data Descriptors 
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Table 3.1. Access Rights Byte Definition for Code and Data Descriptors 


generated that is a truncated version of this linear 
address. Truncation will be to the maximum number 
of address bits. It is recommended to place EPROM 
at the highest physical address and DRAM at the 
lowest physical addresses. 


Code and Data Descriptors (S= 1) 


Figure 3.4 shows the general format of a code and 
data descriptor and Table 3.1 illustrates how the bits 
in the Access Right Byte are interpreted. 


Code and data segments have several descriptor 
fields in common. The accessed bit, A, is set when- 
ever the processor accesses a descriptor. The gran- 
ularity bit, G, specifies if a segment length is 1-byte- 
granular or 4-Kbyte-granular. Base address bits 
31-24, which are normally found in 80386 descrip- 
tors, are not made externally available on the 80376. 
They do not affect the operation of the 80376. The 
A31—A24 field should be set to allow an 80386 to 
correctly execute with EPROM at the upper 4096 
Mbytes of physical memory. 


System Descriptor Formats (S = 0) 


System segments describe information about oper- 
ating system tables, tasks, and gates. Figure 3.5 
shows the general format of system segment de- 
scriptors, and the various types of system segments. 
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Bit 
Position 


7 Present (P) P= 1 Segment is mapped into physical memory. 
P = 0 Nomapping to physical memory exits 
6-5 Descriptor Privilege Segment privilege attribute used in privilege tests. 
Level (DPL) 
4 Segment S = 1 Code or Data (includes stacks) segment descriptor 
Descriptor (S) S=0 System Segment Descriptor or Gate Descriptor 
3 Executable (E) E = 0 _ Descriptor type is data segment: If 
2 Expansion ED = 0 Expand up segment, offsets must be < limit. Data 
Direction (ED) ED = 1 Expand down segment, offsets must be > limit. Segment 
1 Writable (W) W = 0 Data segment may not be written into. (S = 1, 
W = 1 Data segment may be written into. E = 0) 
3 Executable (E) E = 1 Descriptor type is code segment: If 
2 Conforming (C) C= 1 Code segment may only be executed when Code 
CPL = DPL and CPL remains unchanged. Segment 
1 Readable (R) R =O Code-segment may not be read. (S = 1, 
R= 1 Code segment may be read. E = 1) 
Accessed (A) A =0 Segment has not been accessed. 
A= 1 Segment selector has been loaded into segment register 
or used by selector test instructions. 


80376 system descriptors (which are the same as 
80386 descriptor types 2, 5, 9, B, C, E and F) contain 
a 32-bit logical base address and a 20-bit segment 
limit. | 


Selector Fields 


A selector has three fields: Local or Global Descrip- 
tor Table Indicator (Tl), Descriptor Entry Index (In- 
dex), and Requestor ( the selector’s) Privilege Level 
(RPL) as shown in Figure 3.6. The TI bit selects ei- 
ther the Global Descriptor Table or the Local De- 
scriptor Table. The Index selects one of 8K descrip- 
tors in the appropriate descriptor table. The RPL bits 
allow high speed testing of the selector’s privilege 
attributes. 


Segment Descriptor Cache 


In addition to the selector value, every segment reg- 
ister has a segment descriptor cache register asso- 
ciated with it. Whenever a segment register’s con- 
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg- 
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg- 
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor’s 
value. 
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SEGMENT BASE 15. 


ype Defines 
Invalid 
Reserved 
LDT 
Reserved 
Reserved 
Task Gate (80376/80386 Task) 
Reserved 
Reserved 


NOORONM=-O- 


SEGMENT LIMIT 15. 


- 


ype _ Defines 

Invalid 

Available 80376/80386 TSS 
Undefined (intel Reserved) 
Busy 80376/80386 TSS 
80376/80386 Call Gate 
Undefined (intel Reserved) 
80376/80386 Interrupt Gate 
80376/80386 Trap Gate 
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Figure 3.5. System Descriptors 
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Figure 3.6. Example Descriptor Selection 


3.3 Protection 


The 80376 offers extensive protection features. 
These protection features are particularly useful in 
sophisticated embedded applications which use 
multitasking real-time operating systems. For sim- 
pler embedded applications these protection capa- 
bilities can be easily bypassed by making all applica- 
tions run at privilege level (PL) 0. 


RULES OF PRIVILEGE 


The 80376 controls access to both data and proce- 
dures between levels of a task, according to the fol- 
lowing rules. 
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—Data stored in a segment with privilege level p 
can be accessed only by code executing at a 
privilege level at least as privileged as p. 


—A code segment/procedure with privilege level p 
can only be called by a task executing at the 
same or a lesser privilege level than p. 


PRIVILEGE LEVELS 


At any point in time, a task on the 80376 always 
executes at one of the four privilege levels. The Cur- 
rent Privilege Level (CPL) specifies what the task’s 
privilege level is. A task’s CPL may only be changed 
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by control transfers through gate descriptors to a 
code segment with a different privilege level. Thus, 
an application program running at PL=3 may call an 
operating system routine at PL=1 (via a gate) which 
would cause the task’s CPL to be set to 1 until the 
operating system routine was finished. 


Selector Privilege (RPL) 


The privilege level of a selector is specified by the 
RPL field. The selector’s RPL is only used to estab- 
lish a less trusted privilege level than the current 
privilege level of the task for the use of a segment. 
This level is called the task’s effective privilege level 
(EPL). The EPL is defined as being the least privi- 
leged (numerically larger) level of a task’s CPL and a 
selector’s RPL. The RPL is most commonly used to 
verify that pointers passed to an operating system 
procedure do not access data that is of higher privi- 
lege than the procedure that originated the pointer. 
Since the originator of a selector can specify any 
RPL value, the Adjust RPL (ARPL) instruction is pro- 
vided to force the RPL bits to the originator’s CPL. 


1/O Privilege 


The I/O privilege level (IOPL) lets the operating sys- 
tem code executing at CPL=0 define the least privi- 
leged level at which I/O instructions can be used. An 
exception 13 (General Protection Violation) is gener- 
ated if an I/O instruction is attempted when the CPL 
of the task is less privileged than the IOPL. The 
IOPL is stored in bits 13 and 14 of the EFLAGS reg- 
ister. The following instructions cause an exception 
13 if the CPL is greater than IOPL: IN, INS, OUT, 
OUTS, STI, CLI and LOCK prefix. 


Descriptor Access 


There are basically two types of segment acces- 
sess: those involving code segments such as con- 
trol transfers, and those involving data accesses. 
Determining the ability of a task to access a seg- 
ment involves the type of segment to be accessed, 
the instruction used, the type of descriptor used and 
CPL, RPL, and DPL as described above. 
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Any time an instruction loads a data segment regis- 
ter (DS, ES, FS, GS) the 80376 makes protection 
validation checks. Selectors loaded in the DS, ES, 


FS, GS registers must refer only to data segment or 
readable code segments. 


Finally the privilege validation checks are performed. 
The CPL is compared to the EPL and if the EPL is 
more privileged than the CPL, an exception 13 (gen- 
eral protection fault) is generated. 


The rules regarding the stack segment are slightly 
different than those involving data segments. In- 
structions that load selectors into SS must refer to 
data segment descriptors for writeable data seg- 
ments. The DPL and RPL must equal the CPL of all 
other descriptor types or a privilege level violation 
will cause an exception 13. A stack not present fault 
Causes an exception 12. 


PRIVILEGE LEVEL TRANSFERS 


Inter-segment control transfers occur when a selec- 
tor is loaded in the CS register. For a typical system 
most of these transfers are simply the result of a call 
or a jump to another routine. There are five types of 
control transfers which are summarized in Table 3.2. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only by 
control transfers, using gates, task switches, and in- 
terrupt or trap gates. 


Control transfers can only occur if the operation 
which loaded the selector references the correct de- 
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13. 


CALL GATES 


Gates provide protected indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust- 
ed procedures. 
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Table 3.2. Descriptor Types Used for Control Transfer 


: Descriptor Descriptor 
Control Transfer Types Operation Types 


Intersegment within the same privilege level JMP, CALL, RET, IRET* | Code Segment | GDT/LDT 
Intersegment to the same or higher privilege level | CALL Call Gate GDT/LDT 


Interrupt within task may change CPL Interrupt Instruction, Trap or IDT 
Exception, External Interrupt 
Interrupt Gate 
Intersegment to a lower privilege level RETAReEr Code Segment | GDT/LDT 
(changes task CPL) 
CALL, JMP Task State GD 
Segment 


Task Switch CALL, JMP GDT/LDT 


+ 
IRET** Task Gate 


Interrupt Instruction, 
Exception, External 
Interrupt 


*NT (Nested Task bit of flag register) 


= 0 
**NT (Nested Task bit of flag register) = 1 
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Figure 3.7. 80376 TSS And TSS Registers 
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TASK SWITCHING 


A very important attribute of any multi-tasking oper- 
ating system is its ability to rapidly switch between 
tasks or processes. The 80376 directly supports this 
operation by providing a task switch instruction in 
hardware. The 80376 task switch operation saves 
the entire state of the machine (all of the registers, 
address space, and a link to the previous task), 
loads a new execution state, performs protection 
checks, and commences execution in the new task. 
Like transfer of control by gates, the task switch op- 
eration is invoked by executing an inter-segment 
JMP or CALL instruction which refers to a Task 
State Segment (TSS), or a task gate descriptor in 
the GDT or LDT. An INT n instruction, exception, 
trap or external interrupt may also invoke the task 
switch operation if there is a task gate descriptor in 
the associated IDT descriptor slot. For simple appli- 
cations, the TSS and task switching may not be 
used. The TSS or task switch will not be used or 
occur if no task gates are present in the GDT, LDT 
or IDT. : 


The TSS descriptor points to a segment (see Figure 
3.7) containing the entire 80376 execution state. A 
task gate descriptor contains a TSS selector. The 
limit of an 80376 TSS must be greater than 64H, and 
can be as large as 16 Mbytes. In the additional TSS 
space, the operating system is free to store addition- 
al information as the reason the task is inactive, the 
time the task has spent running, and open files be- 
longing to the task. For maximum performance, TSS 
should start on an even address. 


Each Task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80376 called the Task State Segment Register (TR). 
This register contains a selector referring to the task 
state segment descriptor that defines the current 
TSS. A hidden base and limit register associated 
with the TSS descriptor is loaded whenever TR is 
loaded with a new selector. Returning from a task is 
-accomplished by the IRET instruction. When IRET is 
executed, control is returned to the task which was 
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interrupted. The current executing task’s state is 
saved in the TSS and the old task state is restored 
from its TSS. 


Several bits in the flag register and CRO register give 
information about the state of a task which is useful 
to the operating system. The Nested Task bit, NT, 
controls the function of the IRET instruction. If NT = 
0 the IRET instruction performs the regular return. If 
NT = 1, IRET performs a task switch operation 
back to the previous task. The NT bit is set or reset 
in the following fashion: 


When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and 
the back link field of the new TSS set to the old 
TSS selector. The NT bit of the new task is set 
by CALL or INT initiated task switches. An inter- 
rupt that does not cause a task switch will clear 
NT (The NT bit will be restored after execution 
of the interrupt handler). NT may also be set or 
cleared by POPF or IRET instructions. 


The 80376 task state segment is marked busy by 
changing the descriptor type field from TYPE 9 to 
TYPE OBH. Use of a selector that references a busy 
task state segment causes an exception 13. 


The coprocessor’s state is not automatically saved 
when a task switch occurs. The Task Switched Bit, 
TS, in the CRO register helps deal with the coproces- 
sor’s state in a multi-tasking environment. Whenever 


_the 80376 switches tasks, it sets the TS bit. The 


80376 detects the first use of a processor extension 
instruction after a task switch and causes the proc- 
essor extension not available exception 7. The ex- 
ception handler for exception 7 may then decide 
whether to save the state of the coprocessor. 


The T bit in the 80376 TSS indicates that the proc- 
essor should generate a debug exception when 
switching to a task. If T = 1 then upon entry to a 
new task a debug exception 1 will be generated. 


31 30 29 28 27 26 25 24 23 22 21 2019 1817 161514131211 
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1/O Ports Accessible 2 — 9, 12, 13, 15,20 —> 24, 27, 33, 34, 40, 41, 48, 50, 52, 53, 58 —> 60, 62, 63, 


Figure 3.8. Sample |/O Permission Bit Map 
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PROTECTION AND I/O PERMISSION BIT MAP 


The I/O instructions that directly refer to addresses 
in the processor’s I/O space are IN, INS, OUT and 
OUTS. The 80376 has the ability to selectively trap 
references to specific |1/O addresses. The structure 
that enables selective trapping is the //O Permis- 
sion Bit Map in the TSS segment (see Figures 3.7 
and 3.8). The |/O permission map is a bit vector. 
The size of the map and its location in the TSS seg- 
ment are variable. The processor locates the |/O 
permission map by means of the I/O map base field 
in the fixed portion of the TSS. The 1/O map base 
field is 16 bits wide and contains the offset of the 
beginning of the I/O permission map. 


If an I/O instruction (IN, INS, OUT or OUTS) is en- 
countered, the processor first checks whether 
CPL < IOPL. If this condition is true, the 1/O opera- 
tion may proceed. If not true, the processor checks 
the |/O permission map. 


Each bit in the map corresponds to an I/O port byte 
address; for example, the bit for port 41 is found at 
I/O map base +5 linearly, (5 <x 8 = 40), bit offset 
1. The processor tests all the bits that correspond to 
the |/O addresses spanned by an I/O operation; for 
example, a double word operation tests four bits cor- 
responding to four adjacent byte addresses. If any 
tested bit is set, the processor signals a general pro- 
tection exception. If all the tested bits are zero, the 
1/O operations may proceed. 
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It is not necessary for the I/O permission map to 
represent all the I/O addresses. I/O addresses not 
spanned by the map are treated as if they had one- 
bits in the map. The I/O map base should be at 
least one byte less than the TSS limit and the last 


byte beyond the I/O mapping information must con- 
tain all 1’s. 


Because the I/O permission map is in the TSS seg- 
ment, different tasks can have different maps. Thus, 
the operating system can allocate ports to a task by 
changing the I/O permission map in the task’s TSS. 


IMPORTANT IMPLEMENTATION NOTE: — 
Beyond the last byte of |/O mapping information in 
the I/O permission bit map must be a byte contain- 
ing all 1’s. The byte of all 1’s must be within the 
limit of the 80376’s TSS segment (see Figure 3.7). 


4.0 FUNCTIONAL DATA 


The Intel 80376 embedded processor features a 
straightforward functional interface to the external 
hardware. The 80376 has separate parallel buses 
for data and address. The data bus is 16 bits in 
width, and bidirectional. The address bus outputs 
24-bit address values using 23 address lines and 
two-byte enable signals. 


The 80376 has two selectable address bus cycles: 
pipelined and non-pipelined. The pipelining option 
allows as much time as possible for data access by 
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Figure 4.1. Functional Signal Groups 
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starting the pending bus cycle before the present 
bus cycle is finished. A non-pipelined bus cycle 
gives the highest bus performance by executing ev- 
ery bus cycle in two processor clock cycles. For 


maximum design flexibility, the address pipelining 
option is selectable on a cycle-by-cycle basis. 


The processor’s bus cycle is the basic mechanism 
for information transfer, either from system to proc- 
essor, or from processor to system. 80376 bus cy- 
cles perform data transfer in a minimum of only two 
clock periods. On a 16-bit data bus, the maximum 
80376 transfer bandwidth at 16 MHz is therefore 
16 Mbytes/sec. However, any bus cycle will be ex- 
tended for more than two clock periods if external 
hardware withholds acknowledgement of the cycle. 


The 80376 can relinquish control of its local buses 
to allow mastership by other devices, such as direct 
memory access (DMA) channels. When relin- 
quished, HLDA is the only output pin driven by the 
80376, providing near-complete isolation of the 


PROCESSOR CLOCK 
PERIOD 
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processor from its system (all other output pins are 
in a float condition). 


4.1 Signal Description Overview 


Ahead is a brief description of the 80376 input and 
output signals arranged by functional groups. 


The signal descriptions sometimes refer to A.C. tim- 
ing parameters, such as ‘‘tos Reset Setup Time”’ and 
“tog Reset Hold Time.” The values of these parame- 
ters can be found in Tables 6.4 and 6.5. 


CLOCK (CLK2) 


CLK2 provides the fundamental timing for the 
80376. It is divided by two internally to generate the 
internal processor clock used for instruction execu- 
tion. The internal clock is comprised of two 


PROCESSOR CLOCK 
PERIOD 


CLK2 PERIOD|CLK2 PERIOD} CLK2 PERIOD} CLK2 PERIOD 


INTERNAL 
PROCESSOR CLOCK 


62.5 NS MIN. 
(16 MHz MAX) 


240182-17 


Figure 4.2. CLK2 Signal and Internal Processor Clock 
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phases, “phase one” and “phase two”. Each CLK2 
period is a phase of the internal clock. Figure 4.2 
illustrates the relationship. If desired, the phase of 
the internal processor clock can be synchronized to 
a known phase by ensuring the falling edge of the 
RESET signal meets the applicable setup and hold 
times tos and tog. 


DATA BUS (D45-Do) 


These three-state bidirectional signals provide the 
general purpose data path between the 80376 and 
other devices. The data bus outputs are active HIGH 
and will float during bus hold acknowledge. Data bus 
reads require that read-data setup and hold times 
to4 and too be met relative to CLK2 for correct oper- 
ation. 


ADDRESS BUS (BHE, BLE, A23-A}) 


These three-state outputs provide physical memory 
addresses or I/O port addresses. Ag3—Ai¢ are LOW 
during |/O transfers except for I/O transfers auto- 
matically generated by coprocessor instructions. 


intel. 


During coprocessor I/O transfers, Ago—Aj6 are driv- 
en LOW, and Aog3 is driven HIGH so that this ad- 
dress line can be used by external logic to generate 
the coprocessor select signal. Thus, the |/O address 
driven by the 80376 for coprocessor commands is 
8000F 8H, and the I/O address driven by the 80376 
processor for coprocessor data is 8000FCH or 
8000FEH. 


The address bus is capable of addressing 16 Mbytes 
of physical memory space (QOOOQ00OH through 
OFFFFFFH), and 64 Kbytes of I/O address space 
(OOO000H through OOFFFFH) for programmed |/O. 
The address bus is active HIGH and will float during 
bus hold acknowledge. 


The Byte Enable outputs BHE and BLE directly indi- 
cate which bytes of the 16-bit data bus are involved 
with the current transfer. BHE applies to Di5-Dg 
and BLE applies to D7—Dp. If both BHE and BLE are 
asserted, then 16 bits of data are being transferred. 
See Table 4.1 for a complete decoding of these sig- 
nals. The byte enables are active LOW and will float 
during bus hold acknowledge. 


Table 4.1. Byte Enable Definitions 


Word Transfer 


Byte Transfer on Lower Byte of the Data Bus, D7—Dpo 


| BRE | BLE 
pores ease | 
| 0 | 1 _| Byte Transfer on Upper Byte of the Data Bus, Dig-Da_ 
pcb Apa 


Never Occurs 
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BUS CYCLE DEFINITION SIGNALS 
(W/R, D/C, M/IO, LOCK) 


These three-state outputs define the type of bus cy- 
cle being performed: W/R distinguishes between 
write and read cycles, D/C distinguishes between 
data and control cycles, M/IO distinguishes between 
memory and I/O cycles, and LOCK distinguishes be- 
tween locked and unlocked bus cycles. All of these 
signals are active LOW and will float during bus ac- 
knowledge. 


The primary bus cycle definition signals are W/R, 
D/C and M/IO, since these are the signals driven 
valid as ADS (Address Status output) becomes ac- 
tive. The LOCK signal is driven valid at the same 
time the bus cycle begins, which due to address 
pipelining, could be after ADS becomes active. Ex- 
act bus cycle definitions, as a function of W/R, D/C 
and M/IO are given in Table 4.2. 


LOCK indicates that other system bus masters are 
not to gain control of the system bus while it is ac- 
tive. LOCK is activated on the CLK2 edge that be- 
gins the first locked bus cycle (i.e., it is not active at 
the same time as the other bus cycle definition pins) 
and is deactivated when ready is returned to the end 
of the last bus cycle which is to be locked. The be- 
ginning of a bus cycle is determined when READY is 
returned in a previous bus cycle and another is 
pending (ADS is active) or the clock in which ADS is 
driven active if the bus was idle. This means that it 
follows more closely with the write data rules when it 
is valid, but may cause the bus to be locked longer 
than desired. The LOCK signal may be explicitly acti- 
vated by the LOCK prefix on certain instructions. 


LOCK is always asserted when executing the XCHG 
instruction, during descriptor updates, and during the 
interrupt acknowledge sequence. 
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BUS CONTROL SIGNALS 
(ADS, READY, NA) 


The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining and bus cycle 
termination. 


Address Status (ADS) 


This three-state output indicates that a valid bus cy- 
cle definition and address (W/R, D/C, M/IO, BHE, 
BLE and Aop3-Aj;) are being driven at the 80376 
pins. ADS is an active LOW output. Once ADS is 
driven active, valid address, byte enables, and defi- 
nition signals will not change. In addition, ADS will 
remain active until its associated bus cycle begins 
(when READY is returned for the previous bus cycle 
when running pipelined bus cycles). ADS will float 
during bus hold acknowledge. See sections Non- 
Pipelined Bus Cycles and Pipelined Bus Cycles 
for additional information on how ADS is asserted 
for different bus states. 


Transfer Acknowledge (READY) 


This input indicates the current bus cycle is com- 
plete, and the active bytes indicated by BHE and 
BLE are accepted or provided. When READY is 
sampled active during a read cycle or interrupt ac- 
knowledge cycle, the 80376 latches the input data 
and terminates the cycle. When READY is sampled 
active during a write cycle, the processor terminates 
the bus cycle. 


‘Table 4.2. Bus Cycle Definition 3 
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[wit | ___Bustyciotype——=«d;S~C*«it oka 
[0 | IWTERRUPT ACKNOWLEDGE [Yes 
Rot Tae teamdon ase fe re 
ony TS pis, Sr | Uae 
SRR Se SOT tee Oe pe? 
[0 | _MEWoRY CODE READ == No 


HALT: 
Address = 2 


BHE = 1 
BLE = 0 


| 0 | ss MEMORY DATA READ Some Cycles 
MEMORY DATA WRITE Some Cycles 


SHUTDOWN: 
Address = 0 
BHE = 1 
BLE = 0 
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READY is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY must eventually be asserted to ac- 
knowledge every bus cycle, including Halt Indication 
and Shutdown Indication bus cycles. When being 
sampled, READY must always meet setup and hold 
times tig and too for correct operation. 


Next Address Request (NA) 


This is used to request pipelining. This input indi- 
cates the system is prepared to accept new values 
of BHE, BLE, Ao3-A;, W/R, D/C and M/I0 from the 
80376 even if the end of the current cycle is not 
being acknowledged on READY. If this input is ac- 
tive when sampled, the next bus cycle’s address and 
status signals are driven onto the bus, provided the 
next bus request is already pending internally. NA is 
ignored in clock cycles in which ADS or READY is 
activated. This signal is active LOW and must satisfy 
setup and hold times t;5 and ty¢ for correct opera- 
tion. See Pipelined Bus Cycles and Read and 
Write Cycles for additional information. 


BUS ARBITRATION SIGNALS (HOLD, HLDA) 


This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
Entering and Exiting Hold Acknowledge for addi- 
tional information. 


Bus Hold Request (HOLD) 


This input indicates some device other than the 
80376 requires bus mastership. When control is 
granted, the 80376 floats Ao3-A;, BHE, BLE, 
Dy5-Dp, LOCK, M/IO, D/C, W/R and ADS, and 
then activates HLDA, thus entering the bus hold ac- 
knowledge state. The local bus will remain granted 
to the requesting master until HOLD becomes inac- 
tive. When HOLD becomes inactive, the 80376 will 
deactivate HLDA and drive the local bus (at the 
same time), thus terminating the hold acknowledge 
condition. 


HOLD must remain asserted as long as any other 
device is a local bus master. External pull-up resis- 
tors may be required when in the hold acknowledge 
state since none of the 80376 floated outputs have 
internal pull-up resistors. See Resistor Recommen- 
dations for additional information. HOLD is not rec- 
ognized while RESET is active but is recognized dur- 
ing the time between the high-to-low transistion of 
RESET and the first instruction fetch. If RESET is 
asserted while HOLD is asserted, RESET has priori- 
ty and places the bus into an idle state, rather than 
the hold acknowledge (high-impedance) state. 
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HOLD is a level-sensitive, active HIGH, synchronous 
input. HOLD signals must always meet setup and 
hold times tog and to4 for correct operation. 


Bus Hold Acknowledge (HLDA) 


When active (HIGH), this output indicates the 80376 
has relinquished control of its local bus in response 
to an asserted HOLD signal, and is in the bus Hold 
Acknowledge state. 


The Bus Hold Acknowledge state offers near-com- 
plete signal isolation. In the Hold Acknowledge 
state, HLDA is the only signal being driven by the 
80376. The other output signals or bidirectional sig- 
nals (D;5-Dp, BHE, BLE, Ao3—A;, W/R, D/C, M/I0, 
LOCK and ADS) are in a high-impedance state so 
the requesting bus master may control them. These 
pins remain OFF throughout the time that HLDA re- 
mains active (see Table 4.3). Pull-up resistors may 
be desired on several signals to avoid spurious ac- 
tivity when no bus master is driving them. See Re- 
sistor Recommendations for additional informa- 
tion. 


When the HOLD signal is made inactive, the 80376 
will deactivate HLDA and drive the bus. One rising 
edge on the NMI input is remembered for processing 
after the HOLD input is negated. 


Table 4.3. Output Pin State during HOLD 


Pin Value 


1 HLDA 
Float LOCK, M/I0, D/C, W/R, 
ADS, A23-Ai, BHE, BLE, 
Di5-Do 


Hold Latencies 


The maximum possible HOLD latency depends on 
the software being executed. The actual HOLD la- 
tency at any time depends on the current bus activi- 
ty, the state of the LOCK signal (internal to the CPU) 
activated by the LOCK prefix, and interrupts. The 
80376 will not honor a HOLD request until the cur- 
rent bus operation is complete. 


The 80376 breaks 32-bit data or |/O accesses into 2 
internally locked 16-bit bus cycles; the LOCK signal 
is not asserted. The 80376 breaks unaligned 16-bit 
or 32-bit data or |/O accesses into 2 or 3 internally 
locked 16-bit bus cycles. Again the LOCK signal is 
not asserted but a HOLD request will not be recog- 
nized until the end of the entire transfer. 
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Wait states affect HOLD latency. The 80376 will not 
honor a HOLD request until the end of the current 
bus operation, no matter how many wait states are 
required. Systems with DMA where data transfer is 


critical must insure that READY returns sufficiently 
soon. 


COPROCESSOR INTERFACE SIGNALS 
(PEREQ, BUSY, ERROR) 


In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication between the 80376 and the 
80387SX processor extension. 


Coprocessor Request (PEREQ) 


When asserted (HIGH), this input signal indicates a 
coprocessor request for a data operand to be trans- 
ferred to/from memory by the 80376. In response, 
the 80376 transfers information between the co- 
processor and memory. Because the 80376 has in- 
ternally stored the coprocessor opcode being exe- 
cuted, it performs the requested data transfer with 
the correct direction and memory address. 


PEREQ is a level-sensitive active HIGH asynchro- 
nous signal. Setup and hold times, tag and tgo, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This signal is 
provided with a weak internal pull-down resistor of 
around 20 KQ©. to ground so that it will not float active 
when left unconnected. 


Coprocessor Busy (BUSY) 


When asserted (LOW), this input indicates the co- 
processor is still executing an instruction, and is not 
yet able to accept another. When the 80376 en- 
counters any coprocessor instruction which oper- 
ates on the numerics stack (e.g. load, pop, or arith- 
metic operation), or the WAIT instruction, this input 
is first automatically sampled until it is'seen to be 
inactive. This sampling of the BUSY input prevents 
overrunning the execution of a previous coprocessor 
instruction. 
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The F(N)INIT, F(N)CLEX coprocessor instructions 
are allowed to execute even if BUSY is active, since 
these instructions are used for coprocessor initializa- 
tion and exception-clearing. 


BUSY is an active LOW, level-sensitive asynchro- 
nous signal. Setup and hold times, tog and tgp, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro- 
vided with a weak internal pull-up resistor of around 
20 KQ. to Vcc so that it will not float active when left 
unconnected. 


BUSY serves an additional function. If BUSY is sam- 
pled LOW at the falling edge of RESET, the 80376 
processor performs an internal self-test (see Bus 
Activity During and Following Reset. If BUSY is 
sampled HIGH, no self-test is performed. 


Coprocessor Error (ERROR) 


When asserted (LOW), this input signal indicates 
that the previous coprocessor instruction generated 


a coprocessor error of a type not masked by the 


coprocessor’s control register. This input is automat- 
ically sampled by the 80376 when a coprocessor 
instruction is encountered, and if active, the 80376 
generates exception 16 to access the error-handling 
software. 


Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces- 
sor or save coprocessor state, do execute without 
the 80376 generating exception 16 even if 
ERROR is active. These instructions are FNINIT, 
FNCLEX, FNSTSW, FNSTSWAX, FNSTCW, 
FNSTENV and FNSAVE. 


ERROR is an active LOW, level-sensitive asynchro- 
nous signal. Setup and hold times tog and tgo, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. This pin is pro- 
vided with a weak internal pull-up resistor of around 
20 KO. to Vcc so that it will not float active when left 
unconnected. 
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INTERRUPT SIGNALS (INTR, NMI, RESET) 


The following descriptions cover inputs that can in- 
terrupt or suspend execution of the processor’s cur- 
rent instruction stream. 


Maskable Interrupt Request (INTR) 


When asserted, this input indicates a request for in- 
terrupt service, which can be masked by the 80376 
Flag Register IF bit. When the 80376 responds to 
the INTR input, it performs two interrupt acknowl- 
edge bus cycles and, at the end of the second, 
latches an 8-bit interrupt vector on D7—Dpo to identify 
the source of the interrupt. 


INTR is an active HIGH, level-sensitive asynchro- 
nous signal. Setup and hold times, to7 and tog, rela- 
tive to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec- 
ognition of an INTR request, INTR should remain 
active until the first interrupt acknowledge bus cycle 
begins. INTR is sampled at the beginning of every 
instruction. In order to be recognized at a particular 
instruction boundary, INTR must be active at least 
eight CLK2 clock periods before the beginning of the 
execution of the instruction. If recognized, the 80376 
will begin execution of the interrupt. 


Non-Maskable Interrupt Request (NMI) 


This input indicates a request for interrupt service 
which cannot be masked by software. The non- 
maskable interrupt request is always processed ac- 
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are performed when 
processing NMI. 


NMI is an active HIGH, rising edge-sensitive asyn- 
chronous signal. Setup and hold times, to7 and tog, 
relative to the CLK2 signal must be met to guarantee 
recognition at a particular clock edge. To assure rec- 
ognition of NMI, it must be inactive for at least eight 
CLK2 periods, and then be active for at least eight 
CLK2 periods before the beginning of the execution 
of an instruction. 


Once NMI processing has begun, no additional 
NMI’s are processed until after the next IRET in- 
struction, which is typically the end of the NMI serv- 
ice routine. If NMI is re-asserted prior to that time, 
however, one rising.edge on NMI will be remem- 
bered for processing after executing the next IRET 
instruction. 
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The time that elapses before an interrupt request is 

serviced (interrupt latency) varies according to sev- 

eral factors. This delay must be taken into account 

by the interrupt source. Any of the following factors 
can affect interrupt latency: 


1. If interrupts are masked, and INTR request will 
not be recognized until interrupts are reenabled. 


2. If an NMI is currently being serviced, an incoming 
NMI request will not be recognized until the 80376 
encounters the IRET instruction. 


3. An interrupt request is recognized only on an in- 
struction boundary of the 80376 Execution Unit 
except for the following cases: 


— Repeat string instructions can be interrupted 
after each iteration. 


— lf the instruction loads the Stack Segment reg- 
ister, an interrupt is not processed until after 
the following instruction, which should be an 
ESP load. This allows the entire stack pointer 
to be loaded without interruption. 


— lf an instruction sets the interrupt flag (enabling 
interrupts), an interrupt is not processed until 
after the next instruction. 


The longest latency occurs when the interrupt re- 
quest arrives while the 80376 processor is exe- 
cuting a long instruction such as multiplication, di- 
vision or a task-switch. 


4. Saving the Flags register and CS:EIP registers. 


5. If interrupt service routine requires a task switch, 
time must be allowed for the task switch. 


6. If the interrupt service routine saves registers that 
are not automatically saved by the 80376. 


interrupt Latency 


RESET 


This input signal suspends any operation in progress 
and places the 80376 in a known reset state. The 
80376 is reset by asserting RESET for 15 or more 
CLK2 periods (80 or more CLK2 periods before re- 


_ questing self-test). When RESET is active, all other 


input pins except FLT are ignored, and all other bus 
pins are driven to an idle bus state as shown in Ta- 
ble 4.4. If RESET and HOLD are both active at a 
point in time, RESET takes priority even if the 80376 
was in a Hold Acknowledge state prior to RESET 
active. 


RESET is an active HIGH, level-sensitive synchro- 
nous signal. Setup and hold times, tos and tog, must 
be met in order to assure proper operation of the 
80376. 
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4.2 Bus Transfer Mechanism 


All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte and word 
lengths may be transferred without restrictions on 
physical address alignment. Any byte boundary may 
be used, although two physical bus cycles are per- 
formed as required for unaligned operand transfers. 


The 80376 processor address signals are designed 
to simplify external system hardware. BHE and BLE 
provide linear selects for the two bytes of the 16-bit 
data bus. 


Byte Enable outputs BHE and BLE are asserted 
when their associated data bus bytes are involved 
with the present bus cycle, as listed in Table 4.5. 


Table 4.5. Byte Enables and Associated 
Data and Operand Bytes 


Byte Enable Associated Data Bus Signals 


BHE D45—Dg (Byte 1—Most Significant) 
BLE D7-Do (Byte 0—Least Significant) 
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Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See Bus Functional 
Description for additional information. 


4.3 Memory and I/O Spaces 


Bus cycles may access physical memory space or 
|/O space. Peripheral devices in the system may ei- 
ther be memory-mapped, or |/O-mapped, or both. 
As shown in Figure 4.3, physical memory addresses 
range from OOOOO0H to OFFFFFFH (16 Mbytes) and 
I/O addresses from OO0000H to OOFFFFH 
(64 Kbytes). Note the I/O addresses used by the 
automatic I/O cycles for coprocessor communica- 
tion are 8000F8H to 8000FFH, beyond the address 
range of programmed I/O, to allow easy generation 
of a coprocessor chip select signal using the Ao3 
and M/IO signals. | 


OPERAND ALIGNMENT 


With the flexibility of memory addressing on the 
80376, it is possible to transfer a logical operand 
that spans more than one physical Dword or word of 
memory or I/O. Examples are 32-bit Dword or 16-bit 
word operands beginning at addresses not evenly 
divisible by 2. : 


Operand alignment and size dictate when multiple 
bus cycles are required. Table 4.6 describes the 
transfer cycles generated for all combinations of log- 
ical operand lengths and alignment. 


Table 4.6. Transfer Bus Cycles | 
for Bytes, Words and Dwords 


Byte-Length of Logical Operand 


(Low-Order 
Bits) 


ransfer Ib, hb, | lw, | hb, | hw, | mw, 
Cycles hb lb | hw] Ib, | lw ] hb, 

mw Ib 
y 


Key: b = byte transfer 
w = word transfer 
| = low-order portion 
m = mid-order portion 
x = don’t care 
h = high-order portion 
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FFFFFFH 


PHYSICAL 
MEMORY 8000FFH 
8000F8H 
16—=MBYTE | (NOTE ) 


OOOO000H 
PHYSICAL MEMORY SPACE 


NOTE: 


OOFFFFH ¢ 


000000H 


[ -——}- COPROCESSOR 


ACCESSIBLE 
64 kBYTE PROGRAMMED 
1/0 SPACE 


\/O SPACE 
240182-18 


Since Aog is HIGH during automatic communication with coprocessor, Ao3 HIGH and M/IO LOW can be used to easily 


generate a coprocessor select signal. 


Figure 4.3. Physical Memory and I/O Spaces 


4.4 Bus Functional Description 


The 80376 has separate, parallel buses for data and 
address. The data bus is 16 bits in width, and bidi- 
rectional. The address bus provides a 24-bit value 
using 23 signals for the 23 upper-order address bits 
and 2 Byte Enable signals to directly indicate the 
active bytes. These buses are interpreted and con- 
trolled by several definition signals. 


The definition of each bus cycle is given by three 
signals: M/IO, W/R and D/C. At the same time, a 
valid address is present on the byte enable signals, 
BHE and BLE, and the other address signals 
Ao3-A;. A status signal, ADS, indicates when the 
80376 issues a new bus cycle definition and ad- 
dress. 


Collectively, the address bus, data bus and all asso- 
ciated control signals are referred to simply as “the 
bus’. When active, the bus performs one of the bus 
cycles below: 


1. Read from memory space 

2. Locked read from memory space 
3. Write to memory space 

4. Locked write to memory space 
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5. Read from I/O space (or coprocessor) 
6. Write to |/O space (or coprocessor) 

7. Interrupt acknowledge (always locked) 
8. Indicate halt, or indicate shutdown 


Table 4.2 shows the encoding of the bus cycle defi- 
nition signals for each bus cycle. See Bus Cycle > 
Definition Signals for additonal information. 


When the 80376 bus is not performing one of the 
activities listed above, it is either Idle or in the Hold 
Acknowledge state, which may be detected by ex- 
ternal circuitry. The idle state can be identified by the 
80376 giving no further assertions on its address 
strobe output (ADS) since the beginning of its most 
recent bus cycle, and the most recent bus cycle hav- 
ing been terminated. The hold acknowledge state is 
identified by the 80376 asserting its hold acknowl- 
edge (HLDA) output. 


The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 
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CYCLE 2 
NON=PIPELINED 
(READ) 


T1 Tz 


CYCLE 3 
NON=PIPELINED 
(READ) 


T1 T2 


61 [62/61 [62/61 [2/61 [62/61 42/61 |o2\ 01 


CLK2 
(INPUT) 
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(INPUT DURING READ) 


ee 
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VALID 2 > 


VALID 3 > 
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Figure 4.4. Fastest Read Cycles with Non-Pipelined Timing 


The fastest 80376 bus cycle requires only two bus 
states. For example, three consecutive bus read cy- 
cles, each consisting of two bus states, are shown 
by Figure 4.4. The bus states in each cycle are 
named T1 and T2. Any memory or I/O address may 
be accessed by such a two-state bus cycle, if the 
external hardware is fast enough. 


Every bus cycle continues until it is acknowledged 
by the external system hardware, using the 80376 
READY input. Acknowledging the bus cycle at the 
end of the first T2 results in the shortest bus cycle, 
requiring only T1 and T2. If READY is not immedi- 
ately asserted however, T2 states are repeated in- 
definitely until the READY input is sampled active. 


The pipelining option provides a choice of bus cycle 
timings. Pipelined or non-pipelined cycles are 
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selectable on a cycle-by-cycle basis with the Next 
Address (NA) input. 


When pipelining is selected the address (BHE, BLE 
and Aj3—A;) and definition (W/R, D/C, M/IO and 
LOCK) of the next cycle are available before the end 
of the current cycle. To signal their availability, the 
80376 address status output (ADS) is asserted. Fig- 
ure 4.5 illustrates the fastest read cycles with pipe- 
lined timing. 


Note from Figure 4.5 the fastest bus cycles using 
pipelining require only two bus states, named T1P 
and T2P. Therefore pipelined cycles allow the same 
data bandwidth as non-pipelined cycles, but ad- 
dress-to-data access time is increased by one 
T-state time compared to that of a non-pipelined cy- 
Cle. 
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Figure 4.5. Fastest Read Cycles with Pipelined Timing 


READ AND WRITE CYCLES 


Data transfers occur as a result of bus cycles, classi- 
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces- 
sor. During write cycles, data is transferred from the 
processor to an external device. 


Two choices of bus cycle timing are dynamically se- 
lectable: non-pipelined or pipelined. After an idle bus 
state, the processor always uses non-pipelined tim- 
ing. However the NA (Next Address) input may be 
asserted to select pipelined timing for the next bus 
cycle. When pipelining is selected and the 80376 
has a bus request pending internally, the address 
and definition of the next cycle is made available 
even before the current bus cycle is acknowledged 
by READY. 


Terminating a read or write cycle, like any bus cycle, 
requires acknowledging the cycle by asserting the 
READY input. Until acknowledged, the processor in- 
serts wait states into the bus cycle, to allow adjust- 
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ment for the speed of any external device. External 
hardware, which has decoded the address and bus 
cycle type, asserts the READY input at the appropri- 
ate time. 


At the end of the second bus state within the bus 
cycle, READY is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READY, the bus cycle terminates as shown in Figure 
4.6. If READY is negated as in Figure 4.7, the 80376 
executes another bus state (a wait state) and 
READY is sampled again at the end of that state. 
This continues indefinitely until the cycle is acknowl- 
edged by READY asserted. 


When the current cycle is acknowledged, the 80376 
terminates it. When a read cycle is acknowledged, 
the 80376 latches the information present at its data 
pins. When a write cycle is acknowledged, the write 
data of the 80376 remains valid throughout phase 
one of the next bus state, to provide write data hold 
time. 
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Idle states are shown here for diagram variety only. Write cycles are not always followed by an idle state. An active bus 


cycle can immediately follow the write cycle. 


Figure 4.6. Various Non-Pipelined Bus Cycles (Zero Wait States) 


Non-Pipelined Bus Cycles 


Any bus cycle may be performed with non-pipelined 
timing. For example, Figure 4.6 shows a mixture of 
non-pipelined read and write cycles. Figure 4.6 
shows that the fastest possible non-pipelined cycles 
have two bus states per bus cycle. The states are 
named T1 and T2. In phase one of T1, the address 
signals and bus cycle definition signals are driven 
valid and, to signal their availability, address strobe 
(ADS) is simultaneously asserted. 


PRELIMINARY 


During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the 80376 floats its 
data signals to allow driving by the external device 
being addressed. The 80376 requires that all data 
bus pins be at a valid logic state (HIGH or LOW) 


at the end of each read cycle, when READY is 


asserted. The system MUST be designed to 
meet this requirement. If the cycle is a write, data 
signals are driven by the 80376 beginning in phase 
two of T1 until phase one of the bus state following 
cycle acknowledgement. 


3-43 


376 EMBEDDED PROCESSOR 


IDLE CYCLE 1 
NON=PIPELINED 
(READ) 
11 T2 


CLK2 E 


PROCESSOR CLK [ 


BHE,BLE, 
A1- A23, 
M/i0, D/C 


MKAKXY 


om | |+— 


END CYCLE 1 


CYCLE 2 
NON=PIPELINED 
(WRITE) (READ) 


CYCLE 3 
NON=PIPELINED 


11 T2 


ee eee ee ee ee 


(vals K|vao2] _KXXXK [vans] _ XXX 


rom | Lo 
XXX XXX 


Salons ® rey. 


RXXARXXERRXARXXRY WYRXXXRRXRRRRRY 
OERER CERRO Ui. (XKXY 


CXAKAXXA| 


nay 


XXX VALID DR |valio 2] KXXXK vaio sg] KXXX 
Hibachi) 


240182-22 


Idle states are shown here for diagram variety only. Write cycles are not ea? followed by an idle state. An active bus 


cycle can immediately follow the write cycle. 


Figure 4.7. Various Non-Pipelined Bus Cycles (Various Number of Wait States) 


Figure 4.7 illustrates non-pipelined bus cycles with 
one wait state added to Cycles 2 and 3. READY is 
sampled inactive at the end of the first T2 in Cycles 
2 and 3. Therefore Cycles 2 and 3 have T2 repeated 
again. At the end of the second T2, READY is sam- 
pled active. 


When address pipelining is not used, the address 
and bus cycle definition remain valid during all wait 
states. When wait states are added and it is desir- 
able to maintain non-pipelined timing, it is necessary 
to negate NA during each T2 state except the 
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last one, as shown in Figure 4.7, Cycles 2 and 3. If 
NA is sampled active during a T2 other than the last 
one, the next state would be T2! or T2P instead of 
another T2. 


When address pipelining is not used, the bus states 
and transitions are completely illustrated by Figure 
4.8. The bus transitions between four possible 
states, T1, T2, Tj, and Tp. Bus cycles consist of T1 
and T2, with T2 being repeated for wait states. Oth- 
erwise the bus may be idle, Tj, or in the hold ac- 
knowledge state Tp. 
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Ti—first clock of a non-pipelined bus cycle (80376 drives new address and asserts ADS). 
T2—subsequent clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 


Ti—idle state. 
Th—hold acknowledge state (80376 asserts HLDA). 


The fastest bus cycle consists of two states: T1 and T2. 


Four basic bus states describe bus operation when not using pipelined address. 


Figure 4.8. 80376 Bus States (Not Using Pipelined Address) 


_ Bus cycles always begin with T1. T1 always leads to 
T2. If a bus cycle is not acknowledged during T2 and 
NA is inactive, T2 is repeated. When a cycle is ac- 
knowledged during T2, the following state will be T1 
of the next bus cycle if a bus request is pending 
internally, or Tj if there is no bus request pending, or 
Th if the HOLD input is being asserted. 


Use of pipelining allows the 80376 to enter three 
additional bus states not shown in Figure 4.8. Figure 
4.12 is the complete bus state diagram, including 
pipelined cycles. 


Pipelined Bus Cycles 


Pipelining is the option of requesting the address 
and the bus cycle definition of the next inter- 


PRELIMINARY 


nally pending bus cycle before the current bus cycle 
is acknowledged with READY asserted. ADS is as- 
serted by the 80376 when the next address is is- 
sued. The pipelining option is controlled on a cycle- 
by-cycle basis with the NA input signal. 


Once a bus cycle is in progress and the current ad- 
dress has been valid for at least one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur- 
ing non-pipelined bus cycles NA is sampled at the 
end of phase one in every T2. An example is Cycle 2 
in Figure 4.9, during which NA is sampled at the end 
of phase one of every T2 (it was asserted once dur- 
ing the first T2 and has no further effect during that 
bus cycle). 
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Following any idle bus state (Ti), bus cycles are non-pipelined. Within non-pipelined bus cycles, NA is only sampled 
during wait states. Therefore, to begin pipelining during a group of non-pipelined bus cycles requires a non-pipelined 


cycle with at least one wait state (Cylcle 2 above). 


Figure 4.9. Transitioning to Pipelining during Burst of Bus Cycles 


lf NA is sampled active, the 80376 is free to drive the 
address and bus cycle definition of the next bus cy- 
cle, and assert ADS, as soon as it has a bus request 
internally pending. It may drive the next address as 
early as the next bus state, whether the current bus 
cycle is acknowledged at that time or not. 


Regarding the details of pipelining, the 80376 has 
the following characteristics: 


13 


The next address and status may appear as early 
as the bus state after NA was sampled active (see 
Figures 4.9 or 4.10). In that case, state T2P is 
entered immediately. However, when there is not 
an internal bus request already pending, the next 
address and status will not be available immedi- 
ately after NA is asserted and T2l is entered in- 
stead of T2P (see Figure 4.11 Cycle 3). Provided 
the current bus cycle isn’t yet acknow- 
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3. 


ledged by READY asserted, T2P will be entered 
as soon as the 80376 does drive the next address 
and status. External hardware should therefore 
observe the ADS output as confirmation the next 
address and status are actually being driven on 
the bus. 


. Any address and status which are validated by a 


pulse on the 80376 ADS output will remain stable | 
on the address pins for at least two processor 
clock periods. The 80376 cannot produce a new 
address and status more frequently than every 
two processor clock periods (see Figures 4.9, 
4.10 and 4.11). 


Only the address and bus cycle definition of the 
very next bus cycle is available. The pipelining ca- 
pability cannot look further than one bus cycle 
ahead (see Figure 4.11, Cycle 1). 
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Following any idle bus state (Ti) the bus cycle is always non-pipelined and NA is only sampled during wait states. To 
start, address pipelining after an idle state requires a non-pipelined cycle with at least one wait state (cycle 1 above). 
The pipelined cycles (2, 3, 4 above) are shown with various numbers of wait states. 


Figure 4.10. Fastest Transition to Pipelined Bus Cycle Following Idle Bus State 


The complete bus state transition diagram, including 
pipelining is given by Figure 4.12. Note it is a super- 
set of the diagram for non-pipelined only, and the 
three additional bus states for pipelining are drawn 
in bold. 


The fastest bus cycle with pipelining consists of just 
two bus states, T1P and T2P (recall for non-pipe- 
lined it is T1 and T2). T1P is the first bus state of a 
pipelined cycle. 


Initiating and Maintaining Pipelined Bus Cycles 


Using the state diagram Figure 4.12, observe the 
transitions from an idle state, Tj, to the beginning of 


PRELIMINARY 


a pipelined bus cycle T1P. From an idle state, Tj, the 
first bus cycle must begin with T1, and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA is asserted and the 
first bus cycle ends in a T2P state (the address and 
status for the next bus cycle is driven during T2P). 
The fastest path from an idle state to a pipelined bus 
cycle is shown in bold below: 


Tj, Tj, T1-T2-T2P, T1P-T2P, 
idle non-pipelined pipelined 
states cycle cycle 
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Figure 4.11. Details of Address Pipelining during Cycles with Wait States 


T1-T2-T2P are the states of the bus cycle that es- 
tablishes address pipelining for the next bus cycle, 
which begins with T1P. The same is true after a bus 
hold state, shown below: 


Th, Th: Th; T1-T2-T2P, T1P-T2P, 
hold aknowledge non-pipelined _ pipelined 
states cycle cycle 
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The transition to pipelined address is shown func- 
tionally by Figure 4.10, Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe- 
lined. The NA input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 and 
4. 


Once a bus cycle is in progress and the current ad- 
dress and status has been valid for one entire bus 
state, the NA input is sampled at the end of every 
phase one until the bus cycle is acknowledged. 
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T1—first clock of a non-pipelined bus cycle (80376 drives new address, status and asserts ADS). 
T2—subsequent clocks of a bus cycle when NA has not been sampled asserted in the current bus cycle. 
T2I—subsequent clocks of a bus cycle when NA has been sampled asserted in the current bus cycle but there is not yet 
an internal bus request pending (80376 will not drive new address, status or assert ADS). 
T2P—subsequent clocks of a bus cycle when NA has been sampled asserted in the current bus cycle and there is an 
internal bus request pending (80376 drives new address, status and asserts ADS). 
T1P—first clock of a pipelined bus cycle. 


Ti—idle state. 


Th—hold acknowledge state (80376 asserts HLDA). 


Asserting NA for pipelined bus cycles gives access to three more bus states: T2I, T2P and T1P. 
Using pipelining the fastest bus cycle consists of T1P and T2P. 


Figure 4.12. 80376 Processor Complete Bus States (Including Pipelining) 
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Sampling begins in T2 during Cycle 1 in Figure 4.10. 
Once NA is sampled active during the current cycle, 
the 80376 is free to drive a new address and bus 
cycle definition on the bus as early as the next bus 
state. In Figure 4.10, Cycle 1 for example, the next 
address and status is driven during state T2P. Thus 
Cycle 1 makes the transition to pipelined timing, 
since it begins with T1 but ends with T2P. Because 
the address for Cycle 2 is available before Cycle 2 
begins, Cycle 2 is called a pipelined bus cycle, and it 
begins with T1P. Cycle 2 begins as soon as READY 
asserted terminates Cycle 1. 


Examples of transition bus cycles are Figure 4.10, 
Cycle 1 and Figure 4.9, Cycle 2. Figure 4.10 shows 
transition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad- 
dress pipelining. Figure 4.9, Cycle 2 shows a tran- 
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1, T2 (NA is asserted 
at that time), and T2P (provided the 80376 has an 
internal bus request already pending, which it almost 
always has). T2P states are repeated if wait states 
are added to the cycle. 


Note that only three states (T1, T2 and T2P) are 


required in a bus cycle performing a transition from 
non-pipelined into pipelined timing, for example Fig- 
ure 4.10, Cycle 1. Figure 4.10, Cycles 2, 3 and 4 
show that pipelining can be maintained with two- 
state bus cycles consisting only of T1P and T2P. 


Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA and detecting that the 80376 enters T2P during 
the current bus cycle. The current bus cycle must 
end in state T2P for pipelining to be maintained in 
the next cycle. T2P is identified by the assertion of 
ADS. Figures 4.9 and 4.10 however, each show 
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pipelining ending after Cycle 4 because Cycle 4 
ends in T2l. This indicates the 80376 didn’t have an 
internal bus request prior to the acknowledgement 
of Cycle 4. If a cycle ends with a T2 or T2l, the next 
cycle will not be pipelined. 


Realistically, pipelining is almost always maintained 
as long as NA is sampled asserted. This is so be- 
cause in the absence of any other request, a code 
prefetch request is always internally pending until 
the instruction decoder and code prefetch queue are 
completely full. Therefore pipelining is maintained - 
for long bursts of bus cycles, if the bus is available 
(i.e., HOLD inactive) and NA is sampled active in 
each of the bus cycles. 


INTERRUPT ACKNOWLEDGE (INTA) CYCLES 


In repsonse to an interrupt request on the INTR in- 
put when interrupts are enabled, the 80376 performs 
two interrupt acknowledge cycles. These bus cycles 
are similar to read cycles in that bus definition sig- 
nals define the type of bus activity taking place, and 
each cycle continues until acknowledged by READY 
sampled active. | 


The state of Ao distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (Ao3—-A3, Ay, BLE LOW, Ao and BHE HIGH). The 
byte address driven during the second interrupt ac- 
knowledge cycle is 0 (Ao3-A;, BLE LOW and BHE 
HIGH). 


The LOCK output is asserted from the beginning of 
the first interrupt acknowledge cycle until the end of 
the second interrupt acknowledge cycle. Four idle 
bus states, Tj, are inserted by the 80376 between 
the two interrupt acknowledge cycles for compatibil- 
ity with the interrupt specification TrRypR, of the 
8259A Interrupt Controller and the 82370 Integrated 
Peripheral. 
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Interrupt Vector (0-255) is read on DO-D7 at end of second Interrupt Acknowledge bus cycle. 


Because each Interrupt Acknowledge bus cycle is followed by idle bus states, asserting NA has no practical effect. 
Choose the approach which is simplest for your system hardware design. 


Figure 4.13. Interrupt Acknowledge Cycles 


During both interrupt acknowledge cycles, D;5-Do HALT INDICATION CYCLE 
float. No data is read at the end of the first interrupt 


acknowledge cycle. At the end of the second inter- The 80376 execution unit halts as a result of execut- 
rupt acknowledge cycle, the 80376 will read an ex- ing a HLT instruction. Signaling its entrance into the 
ternal interrupt vector from D7—Dpo of the data bus. halt state, a halt indication cycle is performed. The 
The vector indicates the specific interrupt number halt indication cycle is identified by the state of the 
(from 0-255) requiring service. bus definition signals and a byte address of 2. See 


the Bus Cycle Definition Signals section. The halt 
indication cycle must be acknowledged by READY 
asserted. A halted 80376 resumes execution when 
INTR (if interrupts are enabled), NMI or ccna is 
asserted. 
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Figure 4.14. Example Halt Indication 
SHUTDOWN INDICATION CYCLE 


The 80376 shuts down as a result of a protection 
fault while attempting to process a double fault. Sig- 
naling its entrance into the shutdown state, a shut- 
down indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus 
definition signals shown in Bus Cycle Definition 
Signals and a byte address of 0. The shutdown indi- 
cation cycle must be acknowledged by READY as- 
serted. A shutdown 80376 resumes execution when 
NMI or RESET is asserted. 
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Cycle from Non-Pipelined Cycle 


ENTERING AND EXITING HOLD 
ACKNOWLEDGE ~ 


The bus hold acknowledge state, Tp, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 80376 floats all 
outputs or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the 80376 remains in 
the bus hold acknowledge state. In the bus hold ac- 
knowledge state, all inputs except HOLD and RE- 
SET are ignored. 
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Figure 4.15. Example Shutdown Indication Cycle from Non-Pipelined Cycle 


Th may be entered from a bus idle state as in Figure 
4.16 or after the acknowledgement of the current 
physical bus cycle if the L signal is not asserted, 
as in Figures 4.17 and 4.18. 


state will be T1 if a bus request is internally pending, 
as in Figures 4.17 and 4.18. Ty, is exited in response 
to RESET being asserted. 


lf a rising edge occurs on the edge-triggered NMI 


Th is exited in response to the HOLD input being 
negated. The following state will be Tj as in Figure 
4.16 if no bus request is pending. The following bus 


| PRELIMINARY 


input while in Tp, the event is remembered as a non- 
maskable interrupt 2 and is serviced when Ty is exit- 
ed unless the 80376 is reset before Tp is exited. 
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n flexibility the 80376 has no internal pull-up resistors on its outputs. Your design may require an 
and other 80376 outputs to keep them negated during float periods. 


Figure 4.16. Requesting Hold from idle Bus 


RESET DURING HOLD ACKNOWLEDGE 


RESET being asserted takes priority oven HOLD be- 
ing asserted. If RESET is asserted while HOLD re- 
mains asserted, the 80376 drives its pins to defined 
states during reset, as in Table 4.5, Pin State Dur- 
ing Reset, and performs internal reset activity as 
usual. 


If HOLD remains asserted when RESET is inactive, 
the 80376 enters the hold acknowledge state before 
performing its first bus cycle, provided HOLD is still 
asserted when the 80376 processor would other- 
wise perform its first bus cycle. If HOLD remains as- 
serted when RESET is inactive, the BUSY input is 
still sampled as usual to determine whether a self 
test is being requested. 


FLOAT 


Activating the FLT input floats all 80376 bidirectional 
and output signals, including HLDA. Asserting FLT 
isolates the 80376 from the surrounding Circuitry. 
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When an 80376 in a PQFP surface-mount package 
is used without a socket, it cannot be removed from 
the printed circuit board. The FLT input allows the 
80376 to be electrically isolated to allow testing of 
external circuitry. This technique is known as ONCE 
for “ON-Circuit Emulation”. 


ENTERING AND EXITING FLOAT 


FLT is an asynchronous, active-low input. It is recog- 
nized on the rising edge of CLK2. When recognized, 
it aborts the current bus cycle and floats the outputs 
of the 80376 (Figure 4.20). FLT must be held low for 
a minimum of 16 CLK2 cycles. Reset should be as- 
serted and held asserted until after FLT is deassert- 
ed. This will ensure that the 80376 will exit float in a 
valid state. 


Asserting the FLT input unconditionally aborts the 
current bus cycle and forces the 80376 into the 
FLOAT mode. Since activating FLT unconditionally 
forces the 80376 into FLOAT mode, the 80376 is not 
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HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup arid hold (to3 and to4) require- 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 


Figure 4.17. Requesting Hold from Active Bus (NA Inactive) 


guaranteed to enter FLOAT in a valid state. After 
deactivating FLT, the 80376 is not guaranteed to 
exit FLOAT mode in a valid state. This is not a prob- | 
lem as the FLT pin is meant to be used only during 
ONCE. After exiting FLOAT, the 80376 must be re- 
set to return it to a valid state. Reset should be as- 
serted before FLT is deasserted. This will ensure 
that the 80376 will exit float in a valid state. 


FLT has an internal pull-up resistor, and if it is not 
used it should be unconnected. 


BUS ACTIVITY DURING AND FOLLOWING 
RESET 


RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert- 
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ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 


RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the ~ 
80376, and at least 80 CLK2 periods if a 80376 self- 
test is going to be requested at the falling edge. RE- 
SET asserted pulses less than 15 CLK2 periods may 
not be recognized. RESET pulses less than 80 CLK2 
periods followed by a self-test may cause the self- 
test to report a failure when no true failure exists. 


Provided the RESET falling edge meets setup and 
hold times tos and tog, the internal processor clock 
phase is defined at that time as illustrated by Figure 
4.19 and Figure 6.7. 
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HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (to3 and to,4) require- 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 


Figure 4.18. Requesting Hold from Idle Bus (NA Active) 


An 80376 self-test may be requested at the time RE- 
SET goes inactive by having the BUSY input at a 
LOW level as shown in Figure 4.19. The self-test 
requires (220 + approximately 60) CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a 
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problem, the 80376 attempts to proceed with the 
reset sequence afterwards. 


After the RESET falling edge (and after the self-test 
if it was requested) the 80376 performs an internal 
initialization sequence for approximately 350 to 450 
CLK2 periods. 
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NOTES: 

1. BUSY should be held stable for 8 CLK2 periods before and after the CLK2 period in which RESET falling edge 
occurs. 

2. If self-test is requested, the 80376 outputs remain in their reset state as shown here. 


Figure 4.19. Bus Activity from Reset until First Code Fetch 


VALID 


---2-- a> 


VALID 
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Figure 4.20. Entering and Exiting FLOAT 
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4.5 Self-Test Signature 


Upon completion of self-test (if self-test was re- 
quested by driving BUSY LOW at the falling edge of 
RESET) the EAX register will contain a signature of 
OOODO0OOOH indicating the 80376 passed its self-test 
of microcode and major PLA contents with no prob- 
lems detected. The passing signature in EAX, 
OOODD00OH, applies to all 80376 revision levels. Any 
non-zero signature indicates the 80376 unit is faulty. 


4.6 Component and Revision 
identifiers 


To assist 80376 users, the 80376 after reset holds a 
component identifier and revision identifier in its DX 
register. The upper 8 bits of DX hold 33H as identifi- 
cation of the 80376 component. (The lower nibble, 
03H, refers to the Intel886™ architecture. The up- 
per nibble, 30H, refers to the third member of the 
Intel386 family). The lower 8 bits of DX hold an 
8-bit unsigned binary number related to the compo- 
nent revision level. The revision identifier will, in gen- 
eral, chronologically track those component step- 
pings which are intended to have certain improve- 
ments or distinction from previous steppings. The 
80376 revision identifier will track that of the 80386 
where possible. 


The revision identifier is intended to assist 80376 
users to a practical extent. However, the revision 
identifier value is not guaranteed to change with ev- 
ery stepping revision, or to follow a completely uni- 
form numerical sequence, depending on the type or 
intention of revision, or manufacturing materials re- 
quired to be changed. Intel has sole discretion over 
these characteristics of the component. 


Table 4.7. Component and 
Revision Identifier History 


80376 Stepping Name Revision Identifier 


4.7 Coprocessor Interfacing 


The 80376 provides an automatic interface for the 
Intel 80387SX numeric floating-point coprocessor. 
The 80387SX coprocessor uses an |/O mapped in- 
terface driven automatically by the 80376 and as- 


sisted by three dedicated signals: BUSY, ERROR 
and PEREQ. 
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As the 80376 begins supporting a coprocessor in- 


' struction, it tests the BUSY and ERROR signals to 


determine if the coprocessor can accept its next in- 
struction. Thus, the BUSY and ERROR inputs elimi- 
nate the need for any ‘‘preamble” bus cycles for 
communication between processor and coproces- 
sor. The 80387SX can be given its command op- 
code immediately. The dedicated signals provide 
instruction synchronization, and eliminate the need 
of using the 80376 WAIT opcode (9B) for 80387SX 
instruction synchronization (the WAIT opcode was 
required when the 8086 or 8088 was used with the 
8087 coprocessor). 


Custom coprocessors can be included in 80376 
based systems by memory-mapped or |/O-mapped 
interfaces. Such coprocessor interfaces allow a 
completely custom protocol, and are not limited to a 
set of coprocessor protocol “primitives”. Instead, 
memory-mapped or |/O-mapped interfaces may use 
all applicable 80376 instructions for high-speed co- 
processor communication. The BUSY and ERROR 
inputs of the 80376 may also be used for the custom 
coprocessor interface, if such hardware assist is de- 
sired. These signals can be tested by the 80376 
WAIT opcode (9BH). The WAIT instruction will wait 
until the BUSY input is inactive (interruptable by an 
NMI or enabled INTR input), but generates an ex- 
ception 16 fault if the ERROR pin is active when the 
BUSY goes (or is) inactive. If the custom coproces- 
sor interface is memory-mapped, protection of the 
addresses used for the interface can be provided 
with the segmentation mechanism of the 80376. If 
the custom interface is |/O-mapped, protection of 
the interface can be provided with the 80376 IOPL 
(I/O Privilege Level) mechanism. 


The 80387SX numeric coprocessor interface is I/O 
mapped as shown in Table 4.8. Note that the 
80387SX coprocessor interface addresses are be- 
yond the OH-OFFFFH range for programmed 1|/O. 
When the 80376 supports the 80387SX coproces- 
sor, the 80376 automatically generates bus cycles to 
the coprocessor interface addresses. 


Table 4.8 Numeric Coprocessor Port Addresses 


Address in 80376 80387SX 
1/O Space Coprocessor Register 


8000F8H 
8000FCH 
8000FEH 


Opcode Register 
Operand Register 
Operand Register 
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SOFTWARE TESTING FOR COPROCESSOR 
PRESENCE 


When software is used to test coprocessor 
(80387SX) presence, it should use only the following 
coprocessor opcodes: FNINIT, FNSTCW and 
FNSTSW. To use other coprocessor opcodes when 
a coprocessor is known to be not present, first set 
EM = 1 in the 80376 CRO register. 


5.0 PACKAGE THERMAL 
SPECIFICATIONS 


The Intel 80376 embedded processor is specified 
for operation when case temperature is within the 
range of 0°C-115°C for both the ceramic 88-pin 
PGA package and the plastic 100-pin PQFP pack- 
age. The case temperature may be measured in any 
environment, to determine whether the 80376 is 
within specified operating range. The case tempera- 
ture should be measured at the center of the top 
surface. 


The ambient temperature is guaranteed as long as 
Te, is not violated. The ambient temperature can be 
calculated from the @j, and jg from the following 
equations: 


Ty = To + P*ic 
iy Sp Fre 
Tc 3 Te + P*[6ia a Bic] 


Values for 0j4 and @j- are given in Table 5.1 for the 
100-lead fine pitch. @j4 is given at various airflows. 
Table 5.2 shows the maximum Ta, allowable (without 
exceeding T,) at various airflows. Note that Tg can 
be improved further by attaching “fins” or a ‘“‘heat 
sink” to the package. P is calculated using the maxi- 
mum cold |,, of 305 mA and the maximum Vcc of 
5.5V for both packages. 


Table 5.1. 80376 Package Thermal 
Characteristics Thermal Resistances 
((C/Watt) 2 sca aleoaaeaeer and Oia 


| iq Versus Airflow-ft/min (m/sec) Versus Airflow-ft/min (m/sec) 
Package 400 | 600 | 800 | 1000 
(2.03) | (3.04) | (4.06) | (5.07) 
100-Lead | 7.5] 34.5 21.5: |-21.0 
Fine Pitch 
88-Pin 17.0 |. 145:|- 725 F120 
PGA 
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Table 5.2. 80376 — 
Maximum Allowable Ambient 
aay at Various Airflows 


| Ta(C) vs Airflow-ft/min (m/sec) _ vs Airflow-ft/min (m/sec) 
Package 400 | 600 | 800 | 1000 
(2. cs (3.04)/ (4.06)| (5.07) 
100-Lead|7.5|70| 78 

Fine Pitch 

88-Pin 2.3 81 

PGA 


6.0 ELECTRICAL SPECIFICATIONS 


The following sections describe recommended elec- 
trical connections for the 80376, and its electrical 
specifications. 


6.1 Power and Grounding 


The 80376 is implemented in CHMOS IV technology 
and has modest power requirements. However, its 
high clock frequency and 47 output buffers (address, 
data, control, and HLDA) can cause power surges 
as multiple output buffers drive new signal levels 
simultaneously. For clean on-chip power distribution 
at high frequency, 14 Vcc and 18 Vss pins separate- 
ly feed functional units of the 80376. 


Power and ground connections must be made to all 
external Vcc and GND pins of the 80376. On the 
circuit board, all Voc pins should be connected on a 
Vcc plane and all Vss pins should be connected on 
a GND plane. 


POWER DECOUPLING RECOMMENDATIONS 


Liberal decoupling capacitors should be placed near 
the 80376. The 80376 driving its 24-bit address bus 
and 16-bit data bus at high frequencies can cause 
transient power surges, particularly when driving 
large capacitive loads. Low inductance capacitors 
and interconnects are recommended for best high 
frequency electrical performance. Inductance can 
be reduced by shortening circuit board traces be- 
tween the 80376 and decoupling capacitors as 
much as possible. 


RESISTOR RECOMMENDATIONS 


The ERROR, FLT and BUSY inputs have interna! 
pull-up resistors of approximately 20 K©. and the 
PEREQ input has an internal pull-down resistor of 
approximately 20 K©. built into the 80376 to keep 
these signals inactive when the 80387SX is not 
present in the system (or temporarily removed from 
its socket). 
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In typical designs, the external pull-up resistors 
shown in Table 6.1 are recommended. However, a 
particular design may have reason to adjust the re- 
sistor values recommended here, or alter the use of 
pull-up resistors in other ways. 


Lightly Pull ADS 
inactive during 80376 
Hold Acknowledge 

States 


Lightly Pull LOCK 
Inactive during 80376 
Hold Acknowledge 
States 


Table 6.1. Recommended 
Resistor Pull-Ups to Vcc 

Bos 20 KA. + 10% 

: LOCK | 20 Ka + 10% 


OTHER CONNECTION RECOMMENDATIONS 


For reliable operation, always connect unused in- 
puts to an appropriate signal level. N/C pins should 
always remain unconnected. Connection of N/C 
pins to Vcc or Vss will result in incompatibility 
with future steppings of the 80376. 


Particularly when not using interrupts or bus hold (as 
when first prototyping), prevent any chance of spuri- 
ous activity by connecting these associated inputs to 
GND: 


—INTR 


—NMI 
—HOLD 
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Pull-Up Value 
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If not using address pipelining connect the NA pin to 
a pull-up resistor in the range of 20 KO. to Vcc. 


6.2 Absolute Maximum Ratings 
Table 6.2. Maximum Ratings 


Maximum Rating 
Storage Temperature — 65°C to + 150°C 


Case Temperature —65°C to + 120°C 
under Bias ‘ 

Supply Voltage with —0.5V to +6.5V 
Respect to Vss 


Voltage on Other Pins | —0.5V to (Vcc + 0.5)V 


Table 6.2 gives a stress ratings only, and functional 
operation at the maximums is not guaranteed. Func- 
tional operating conditions are given in Section 6.3, 
D.C. Specifications, and Section 6.4, A.C. Specifi- 
cations. 


Extended exposure to the Maximum Ratings may af- 
fect device reliability. Furthermore, although the 
80376 contains protective circuitry to resist damage 
from static electric discharge, always take precau- 
tions to avoid high static voltages or electric fields. 
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6.3 D.C. Specifications 


ADVANCE INFORMATION SUBJECT TO CHANGE 


Table 6.3: 80376 D.C. Characteristics 
Functional Operating Range: Vcc = 5V +10%; Tcase = 0°C to 115°C for 88-pin PGA or 100-pin PQFP 


VoL 


BHE, BLE, W/R, 0.45 v(1) 
D/C, M/1O, LOCK, 
ADS, HLDA 


wax 
+08 
Wee +08 
C408 
Veo + 08 
eg 
a 
Se ee 
SUERTs (Haan 
+15 


lon = —0.2 mA: Voc — 0.5 v1) 
A23-A1, D45-Do | 


lou = —0.9mA: | BHE, BLE, W/R, 
D/C, M/IO, LOCK, 
ADS, HLDA 
BHE, BLE, W/A, 
D/C, M/IO, LOCK 
ADS, HLDA 


lon = —0.18 mA: 


Input Leakage Current pA, OV < Vin < Voc") 
(For All Pins except 


PEREQ, BUSY, FLT and ERROR) 


Input Leakage Current vA, Vin = 2.4V(1, 2) 
(PEREQ Pin) 

Nie 

ILO 

loc 


Input Leakage Current —400 | pA, Vip = 0.45V(8) 
(BUSY and ERROR Pins) 
Output Leakage Current cen Lee a5 BA, 0.45V <-Vout < Voc) 


Supply Current 


CLK2 = 32 MHz 
CLK2 = 40 MHz 


mA, Icoc typ = 175 mA(4) 
mA, Icc typ = 200 mA(4) 


Input Capacitance 
Output or |/O Capacitance 
CLK2 Capacitance 


NOTES: 

1. Tested at the minimum operating frequency of the device. 

2. PEREQ input has an internal pull-down resistor. 

3. BUSY, FLT and. ERROR inputs each have an internal pull-up resistor. 
4. loc max measurement at worse case load, Vcc and temperature (0°C). 
5. Not 100% tested. 


pF, Fo = 1 MHz) 
pF, Fo = 1 MHz@) 
| 20 | pF, Fo = 1 MHz‘) 
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The A.C. specifications given in Table 6.4 consist of 
output delays, input setup requirements and input 
hold requirements. All A.C. specifications are rela- 
tive to the CLK2 rising edge crossing the 2.0V level. 


A.C. specification measurement is defined by Figure 
6.1. Inputs must be driven to the voltage levels indi- 
cated by Figure 6.1 when A.C. specifications are 
measured. 80376 output delays are specified with 
minimum and maximum limits measured as shown. 
The minimum 80376 delay times are hold times pro- 
vided to external circuitry. 80376 input setup and 
hold times are specified as minimums, defining the 


CLK2 ? 
NOTE 2 


OUTPUTS MIN 
(A1-A23,BHE,BLE, 4 VY 
ADS,M/i0,D/C AUG 460-32 Ss 1.5V 
DS,M/10,D/0, OUTPUT n AN N 
W/R,LOCK,HLDA) 


OUTPUTS} 
(DO-D15) 
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smallest acceptable sampling window. Within the 
sampling window, a synchronous input signal must 
be stable for correct 80376 processor operation. 


Outputs NA, W/R, D/C, M/IO, LOCK, BHE, BLE, 
Ao3-A; and HLDA only change at the beginning of 
es one. D15—-Do (write cycles) only change at the 

beginning of phase two. The READY, HOLD, BUSY, 
ERROR, PEREQ and D;5-Dpo (read cycles) inputs 
are sampled at the beginning of phase one. The NA, 
INTR and NMI inputs are sampled at the beginning 
of phase two. 


VALID 
OUTPUT n+1 


(A) 


NOTE 2 MIN 


OUTPUT hn 


VALID \ WY VALID 


oat 1° 


INPUTS 
(NA,INTR,NMI) [ Ladd 


INPUTS 
(READY,HOLD, 
ERROR,BUSY, 


PEREQ,DO=D15) 


LEGEND: 

A—Maximum Output Delay Spec. 
B—Minimum Output Delay Spec. 
C—Minimum Input Setup Spec. 
D—Minimum Input Hold Spec. 


VALID 
inpuT RY 


© NOTE 1 


VALID 
input, 1? x 
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Figure 6.1. Drive Levels and Measurement Points for A.C. Specifications 
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6.4 A.C. Specifications 


Table 6.4. 80376 A.C. Characteristics at 16 MHz 
Functional Operating Range: Vcc = 5V +10%; Tcase = 0°C to 115°C for 88-pin PGA or 100-pin PQFP 


Parameter 
Operating Frequency 
CLK2 Period 
CLK2 HIGH Time . 
CLK2 HIGH Time 
CLK2 LOW Time 
CLK2 LOW Time 
CLK2 Fall Time 
CLK2 Rise Time 
Ao3-Aj Valid Delay 


- 
Ss 


At 0.8V(3) 


| 63 | (Voo=0.8)V to 0.8V0) 
| 63 | 0.8Vt0(Voo-0.8)9) 
1 860. 
| 66 


CL = 120 pF(4) 


t7 ) 
BHE, BLE, LOCK CL. = 75 pF(4) 
Valid Delay 
BHE, BLE, LOCK A vp 40 (1) 
Float Delay 
W/R, M/IO, D/C, CL = 75 pF(4) 
ADS Valid Delay , 
W/R, M/I0, D/C, (1) 
ADS Float Delay 
tio D45-Dpo Write Data 4 40 C. = 120 pF(4) 
Valid Delay 
D15-Dpo Write Data 4 (1) 
Float Delay 
HLDA Valid Delay | 6.6 | C= 75 pF) 
READY Setup Time 
READY Hold Time 


Setup Time D;5-—Dp Read Data 


te 
Hold Time D15-—Dp Read Data se 
26. 
a 


aS = od 
N 
<= 
mi 
N 
om 
igo) 


Z\|Z 
|| > 
Ilo 
o |e 
21s 
3 |= 
o|3 
5 r4) 


Comal 


2 


— 


HOLD Setup Time 
HOLD Hold Time 


RESET Setup Time 
RESET Hold Time 
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Table 6.4. 80376 A.C. Characteristics at 16 MHz (Continued) 
Functional Operating Range: Vcc = 5V +10%; Tcase = 0°C to 115°C for 88-pin PGA or 100-pin PQFP © 


NMI, INTR Setup Time 
NMI, INTR Hold Time 


PEREQ, ERROR, BUS 
Hold Time 


PEREQ, ERROR, BU 
Setup Time 


NOTES: 

1. Float condition occurs when maximum output current becomes less than I_o in magnitude. Float delay is not 100% 
tested. 

2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 

3. These are not tested. They are guaranteed by design characterization. 

4. Tested with C, set to 50 pF and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 

5. The 80376 does not have t17 or tyg timing specifications. 


Table 6.5. 80376 A.C. Characteristics at 20 MHz 
Functional Operating Range: Vcc = 5V +10%; Tcase = 0°C to 115°C for 88-pin PGA or 100-pin PQFP 


[ symbot_[ Parameter 
[| Operating Frequency _ 
Te elke Period 2 ieee AGL 
re 
Py | CLKeHIGHTIne 
oe 
ie 
ee 
res 


_ Figure 
eee 
Ye 
neon 
CET 
Bao 
Bri 
ie 
| 63 
iia Ew 
ie baa, te 
le 


CLK2 Fall Time 


CLK2 Rise Time 
| tgs | AagAy Valid Delay 
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Table 6.5. 80376 A.C. Characteristics at 20 MHz (Continued) 
Functional Operating Range: Vcc = 5V +10%; Tcase = 0°C to 115°C for 88-pin PGA or 100-pin PQFP 


[Figure [Notes 
Tes G= 75 00 


NOTES: 

1. Float condition occurs when maximum output current becomes less than |_o in magnitude. Float delay is not 100% 
tested. 

2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. Tr: 

3. These are not tested. They are guaranteed by design characterization. 

4. Tested with C, set to 50 pF and derated to support the indicated distributed capacitive load. See Figures 6.8 through 6.10 
for capacitive derating curves. 

5. The 80376 does not have t17 or tig timing specifications. 


A.C. TEST LOADS | A.C. TIMING WAVEFORMS 


80376 


OUTPUT 


240182-36 


240182-37 


Figure 6.2. A.C. Test Loads Figure 6.3. CLK2 Waveform 
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Figure 6.4. A.C. Timing Waveforms—Input Setup and Hold Timing 
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Figure 6.5. A.C. Timing Waveforms—Output Valid Delay Timing 
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Figure 6.6. A.C. Timing Waveforms—Output Float Delay and HLDA Valid Delay Timing 
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240182-41 
The second internal processor phase following RESET high-to-low transition (provided tos and tog are met) is $2. 


Figure 6.7. A.C. Timing Waveforms—RESET Setup and Hold Timing, and Internal Phase 
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Figure 6.8. Typical Output Valid Delay versus Figure 6.9. Typical Output Valid Delay versus 
Load Capacitance at Maximum Operating Load Capacitance at Maximum Operating 
Temperature (C, = 120 pF) Temperature (C, = 75 pF) 
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Figure 6.10. Typical Output Rise 
Time versus Load Capacitance at 
Maximum Operating Temperature 


FREQUENCY (MHz) 240182-45 


Figure 6.11. Typical Icc vs Frequency 
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6.5 Designing for the ICET-376 
Emulator 


The 376 embedded processor in-circuit emulator 
product is the ICE-376 emulator. Use of the emula- 
tor requires the target system to provide a socket 
that is compatible with the ICE-376 emulator. The 
80376 offers two different probes for emulating user 
systems: an 88-pin PGA probe and a 100-pin fine 
pitch flat-pack probe. The 100-pin fine pitch flat- 
pack probe requires a socket, called the 100-pin 
PQFP, which is available from 3-M Textool (part 
number 2-0100-07243-000). The ICE-376 emulator 
probe attaches to the target system via an adapter 
which replaces the 80376 component in the target 
system. Because of the high operating frequency of 
80376 systems and of the ICE-376 emulator, there is 
no buffering between the 80376 emulation proces- 
sor in the ICE-376 emulator probe and the target 
system. A direct result of the non-buffered intercon- 
nect is that the ICE-376 emulator shares the ad- 
dress and data bus with the user’s system, and the 
RESET signal is intercepted by the ICE emulator 
hardware. In order for the ICE-376 emulator to be 
functional in the user’s system without the Optional 
Isolation Board (OIB) the designer must be aware of 
the following conditions: 


1. The bus controller must only enable data trans- 
ceivers onto the data bus during valid read cycles 
of the 80376, other local devices or other bus 
masters. 


2. Before another bus master drives the local proc- 
essor address bus, the other master must gain 
control of the address bus by asserting HOLD and 
receiving the HLDA response. 


376 EMBEDDED PROCESSOR 


3. The emulation processor receives the RESET sig- 
nal 2 or 4 CLK2 cycles later than an 80376 would, 
and responds to RESET later. Correct phase of 
the response is guaranteed. 


In addition to the above considerations, the ICE-376 
emulator processor module has several electrical 
and mechanical characteristics that should be taken 
into consideration when designing the 80376 sys- 
tem. 


Capacitive Loading: ICE-376 adds up to 27 pF to 
each 80376 signal. 


Drive Requirements: |CE-376 adds one FAST TTL 
load on the CLK2, control, address, and data lines. 
These loads are within the processor module and 
are driven by the 80376 emulation processor, which 
has standard drive and loading capability listed in 
Tables 6.3 and 6.4. 


Power Requirements: For noise immunity and 
CMOS latch-up protection the ICE-376 emulator 
processor module is powered by the user system. 
The circuitry on the processor module draws up to 
1.4A including the maximum 80376 Icc from the 
user 80376 socket. 


80376 Location and Orientation: The ICE-376 em- 
ulator processor module may require lateral clear- 
ance. Figure 6.12 shows the clearance requirements 
of the iMP adapter and Figure 6.13 shows the clear- 


ance requirements of the 88-pin PGA adapter. The | 
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Figure 6.12. Preliminary ICET“-376 Emulator User Cable with PQFP Adapter 
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240182-50 


Figure 6.13. ICET4-376 Emulator User Cable with 88-Pin PGA Adapter 


optional isolation board (OIB), which provides extra 
electrical buffering and has the same lateral clear- 
ance requirements as Figures 6.12 and 6.13, adds 
an additional 0.5 inches to the vertical clearance re- 
quirement. This is illustrated in Figure 6.14. 


Optional Isolation Board (OIB) and the CLK2 
speed reduction: Due to the unbuffered probe de- 
sign, the ICE-376 emulator is susceptible to errors 


on the user’s bus. The OIB allows the ICE-376 emu- 
lator to function in user systems with faults (shorted 
signals, etc.). After electrical verification the OIB 
may be removed. When the OIB is installed, the user 
system must have a maximum CLK2 frequency of 20 
MHz. 


240182-51 


Figure 6.14. ICETM-376 Emulator User Cable with OIB and PQFP Adapter 
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7.0 DIFFERENCES BETWEEN THE 
80376 AND THE 80386 


The following are the major differences between the 
80376 and the 80386. 


1. The 80376 generates byte selects on BHE and 
BLE (like the 8086 and 80286 microprocessors) 
to distinguish the upper and lower bytes on its 
16-bit data bus. The 80386 uses four-byte selects, 
BEO-BE3, to distinguish between the different 
bytes on its 32-bit bus. 


2. The 80376 has no bus sizing option. The 80386 
can select between either a 32-bit bus or a 16-bit 
bus by use of the BS16 input. The 80376 has a 
16-bit bus size. 


3. The NA pin operation in the 80376 is identical to 
that of the NA pin on the 80386 with one excep- 
tion: the NA pin of the 80386 cannot be activated 
on 16-bit bus cycles (where BS16 is LOW in the 
80386 case), whereas NA can be activated on 
any 80376 bus cycle. 


4. The contents of all 80376 registers at reset are 
identical to the contents of the 80386 registers at 
reset, except the DX register. The DX register 
contains a component-stepping identifier at reset, 
i.e. 

in 80386, after reset DH = O3H indicates 80386 
DL = revision number; 

in 80376, after reset DH = 33H indicates 80376 
DL = revision number. 


5. The 80386 uses A3; and M/IO as a select for 
numerics coprocessor. The 80376 uses the 
Ag3 and M/IO to select its numerics coproces- 
sor. 


6. The 80386 prefetch unit fetches code in four- 
byte units. The 80376 prefetch unit reads two 
bytes as one unit (like the 80286 microproces- 
sor). In BS16 mode, the 80386 takes two con- 
secutive bus cycles to complete a prefetch re- 
quest. If there is a data read or write request 
after the prefetch starts, the 80386 will fetch 
all four bytes before addressing the new re- 
quest. 
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7. The 80376 has no paging mechanism. 


8. The 80376 starts executing code in what corre- 
sponds to the 80386 protected mode. The 80386 
starts execution in real mode, which is then used 
to enter protected mode. | 


9. The 80386 has a virtual-86 mode that allows the 
execution of a real mode 8086 program as a task 
in protected mode. The 80376 has no virtual-86 
mode. 


10. The 80386 maps a 48-bit logical address into a 
32-bit physical address by segmentation and 
paging. The 80376 maps its 48-bit logical ad- 
dress into a 24-bit physical address by segmen- 
tation only. 


11. The 80376 uses the 80387SX numerics coproc- 
essor for floating point operations, while the 
80386 uses the 80387 coprocessor. 


12. The 80386 can execute from 16-bit code seg- 
ments. The 80376 can only execute from 32-bit 
code Segments. 


13. The 80376 has an input called FLT which three- 
states all bidirectional and output pins, including 
HLDA, when asserted. It is used with ON Circuit 
Emulation (ONCE). 


8.0 INSTRUCTION SET 


This section describes the 376 embedded processor 
instruction set. Table 8.1 lists all instructions along 
with instruction encoding diagrams and clock 
counts. Further details of the instruction encoding 
are then provided in the following sections, which 
completely describe the encoding structure and the 
definition of all fields occurring within 80376 instruc- 
tions. 


8.1 80376 Instruction Encoding and 
Clock Count Summary 


To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8.1 be- 
low, by the processor clock period (e.g. 50 ns for an 
80376 operating at 20 MHz). The actual clock count 
of an 80376 program will average 10% more 
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than the calculated clock count due to instruction 
sequences which execute faster than they can be 
fetched from memory. 


Instruction Clock Count Assumptions: 


1. The instruction has been prefetched, decoded, 
and is ready for execution. 


2. Bus cycles do not require wait states. 


3. There are no local bus HOLD requests delaying 
processor acess to the bus. 


4. No exceptions are detected during instruction ex- 
ecution. 


5. If an effective address is calculated, it does not 
use two general register components. One regis- 
ter, scaling and displacement can be used within 
the clock counts showns. However, if the effec- 
tive address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 


6. Memory reference instruction accesses byte or 
aligned 16-bit operands. 


Instruction Clock Count Notation 


— If two clock counts are given, the smaller refers to 
a register operand and the larger refers to a 
memory operand. 
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—n = number of times repeated. 


—m = number of components in the next instruc- 
tion executed, where the entire displacement (if 
any) counts aS one component, the entire im- 
mediate data (if any) counts as one component, 
and all other bytes of the instruction and pre- 
fix(es) each count as one component. 


Misaligned or 32-Bit Operand Accesses: 


— If instructions accesses a misaligned 16-bit oper- 
and or 32-bit operand on even address add: 


2* clocks for read or write. 
4** clocks for read and write. 


— If instructions accesses a 32-bit operand on odd 
address add: 


4* clocks for read or write. 
8** clocks for read and write. 


Wait States: 


Wait states add 1 clock per wait state to instruction 
execution for each data access. 
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Table 8.1. 80376 Instruction Set Clock Count Summary . 


Number 
Instruction Format of Data 
Cycles 


GENERAL DATA TRANSFER 

MOV = Move: 

Register to Register/Memory 1000100w 
Register/Memory to Register 1000101w 


Immediate to Register/Memory mod000 r/m| immediate data 


Immediate to Register (Short Form) 1011w reg | immediate data 


Memory to Accumulator (Short Form) 1010000w | full displacement 


Accumulator to Memory (Short Form) 1010001w | full displacement 


Register/Memory to Segment Register 10001110 | modsreg3 r/m 


Segment Register to Register/Memory 10001100 | modsreg3 r/m 


MOVSX = Move with Sign Extension 


Register from Register/Memory 00001111 modreg = r/m 


MOVZX = Move with Zero Extension 


Register from Register/Memory 00001111 1 4011011w | modreg _r/m| 
PUSH = Push: 

Register/Memory  atTivint | modi110 r/m 

Register (Short Form) 01010 reg 

Segment Register (ES, CS, SS or DS) 000sreg2 110 


Segment Register (FS or GS) 00001111 


10sreg3 000 


Immediate 011010s0 immediate data 


PUSHA = Push All 01100000 


POP = Pop 
Register/Memory 1000111411 |mod000 fr/m 
Register (Short Form) 010914 reg 


Segment Register (ES, SS or DS) 000sreg2111 


Segment Register (FS or GS) 00001111 | 10sreg3001 


POPA = Pop All 01100001 


XCHG = Exchange 


Register/Memory with Register 1000011w | modreg r/m 


Register with Accumulator (Short Form) | 10010 reg 


IN = Input from: 


Fixed Port port number 


Variable Port 1110110w 


OUT = Output to: 


Fixed Port 1110011Ww port number 


Variable Port 1110111w 


10001101 


LEA = Load EA to Register 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction 


SEGMENT CONTROL 


LDS = Load Pointer to DS 11000101 | modreg r/m 


LES = Load Pointer to ES 11000100 


é 
E 


r/m 


10110100 
10410101 
10410010 


LFS = Load Pointer to FS 00001111 


LGS = Load Pointer to GS 00001111 


LSS = Load Pointer to SS 00001111 
FLAG CONTROL 

CLC = Clear Carry Flag : 11111000 
CLD = Clear Direction Flag 11111100 
CLI = Clear Interrupt Enable Flag 
CLTS = Clear Task Switched Flag 00001111 00000110 
CMC = Complement Carry Flag 11110101 

LAHF = Load AH into Flag 1OOTTT 11 

POPF = Pop Flags 10011101 

PUSHF = Push Flags 10011100 

SAHF = Store AH into Flags 10011110 

STC = Set Carry Flag 11.7 T1081 

STD = Set Direction Flag 47717401 

STi = Set Interrupt Enable Flag 4147212011 


ARITHMETIC 
ADD = Add 


Register to Register 000000dw | modreg r/m 
Register to Memory 0000000w | modreg r/m 


Memory to Register 0000001w | modreg r/m 


Immediate to Register/Memory 100000sw | mod000 r/m| immediate data 


Immediate to Accumulator (Short Form) 000001 Ow immediate data 


ADC = Add with Carry 


Register to Register 000100dw | modreg r/m 


Register to Memory 0001000w | modreg r/m 


Memory to Register 0001001w 


mod reg r/m 


Immediate to Register/Memory 100000sw | mod010 r/m|{ immediate data 


Immediate to Accumulator (Short Form) 0001010w immediate data 


INC = Increment 
Register/Memory 


Register (Short Form) 
SUB = Subtract 


Register from Register 001010dw | modreg r/m 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Clock 
Counts 


Instruction Format 
ARITHMETIC (Continued) 
Register from Memory 0010100w |mod reg r/m 
Memory from Register 
Immediate from Register/Memory r/m| immediate data 
Immediate from Accumulator (Short Form) immediate data 
SBB = Subtract with Borrow 
Register from Register 000110dw |modreg r/m 
Register from Memory 
Memory from Register mod reg r/m 
Immediate from Register/Memory 100000sw |mod011_ r/m| immediate data 
Immediate from Accumulator (Short Form) _ immediate data 
DEC = Decrement 


Register/Memory regO0Q01 + r/m 


Register (Short Form) 


CMP = Compare 

Register with Register 

Memory with Register 

Register with Memory 

Immediate with Register/Memory 100000sw |mod111_ r/m} immediate data 


Immediate with Accumulator (Short Form) 0011110w immediate data 


NEG = Change Sign 1111011w {|mod011 = r/m 


AAA = ASCIl Adjust for Add 

AAS = ASCIl Adjust for Subtract 
DAA = Decimal Adjust for Add 
DAS = Decimal Adjust for Subtract 
MUL = Multiply (Unsigned) 


Accumulator with Register/ Memory 
Multiplier—Byte 12-17/15-20 
—Word 12-25/15-28°* 
—Doubleword 12-41/17-46* 


IMUL = Integer Multiply (Signed) 


Accumulator with Register/Memory mod101 = r/m 


Multiplier—Byte 12-17/15-20 
—Word 12-25/15-28* 
—Doubleword 12-41/17-46* 


Register with Register/Memory 10107911 


Multiplier-—Byte 12-17/15-20 
—Word 12-25/15-28* 
—Doubleword 12-41/17-46* 


Register/Memory with Immediate to Register immediate data 
—Word 13-26/14-27* 
—Doubleword 13-42/16-45* 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction Format 


ARITHMETIC (Continued) 
DIV = Divide (Unsigned) 


Accumulator by Register/Memory 1111011w |mod110 = fr/m 


Divisor—Byte 14/17 
—Word 22/25* 
—Doubleword 38/43* 


IDIV = Integer Divide (Signed) 


Accumulator by Register/Memory 1111011wjmodi111 = r/m 


Divisor—Byte 
—Word 
—Doubleword 


19/22 
27/30* 
43/48* 


AAD = ASCIil Adjust for Divide 11010101 | 00001010 19 


AAM = ASCII Adjust for Multiply 11010100 | 00001010 


CBW = Convert Byte to Word 10011000 


CWD = Convert Word to Double Word} 10011001 


LOGIC 


Shift Rotate Instructions 
Not Through Carry (ROL, ROR, SAL, SAR, SHL, and SHR) 


Register/Memory by 1 1101000w |mod 


i 


Register/Memory by CL 1101001w |jmod r/ 


= 


Register/Memory by Immediate Count | 1100000w |mod r/mjimmed 8-bit data 


Through Carry (RCL and RCR) 


Register/Memory by 1 1101000w |mod r 9/10** 0/2** 


Register/Memory by CL 1101001w |mod r 9/10** 10/2** 


EF 


mod TTT  r/mjimmed 8-bit data 9/10** 0/2** 


TTT Instruction 
000 ROL 
001 ROR 
010 RCL 
011 RCR 
100 SHL/SAL 
101 SHR 
SAR 


10100100 immed 8-bit data 
10100101 


Register/Memory by Immediate Count | 1100000w 


SHLD = Shift Left Double 
Register/Memory by Immediate 00001111 


—s* 
— 
bh 


Register/Memory by CL 00001111 


SHAD = Shift Right Double 
Register/Memory by Immediate 00001111 | 10101100 immed 8-bit data 


Register/Memory by CL 00001111] 10101101 |modreg r/m 


AND = And 
Register to Register 001000dw 


mod reg r/m 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Clock 
Counts 


Instruction 


LOGIC (Continued) 


Register to Memory 0010000w |modreg r/m 


Memory to Register 0010001w |modreg r/m 


immediate to Register/Memory 1000000w |mod100_ 1r/m| immediate data 


Immediate to Accumulator (Short Form) 0010010w | immediate data 


TEST = And Function to Flags, No Result 


Register/Memory and Register 1000010w |modreg r/m 


iL 


Immediate Data and Register/Memory 1111011w |mod000_ r/mj| immediate data 


Immediate Data and Accumulator 
(Short Form) 1010100w | immediate data 


OR = Or 


Register to Register 000010dw |modreg r/m 


Register to Memory 0000100w | modreg r/m 


Memory to Register 0000101w |modreg r/m 


Immediate to Register/ Memory 1000000w |mod001_ r/m| immediate data 


Immediate to Accumulator (Short Form) 0000110w | immediate data 
XOR = Exclusive Or 
Register to Register 001100dw |modreg r/m 


Register to Memory 0011000w | modreg r/m 


Memory to Register 0011001w |modreg r/m 


Immediate to Register/Memory 1000000w |mod110_ r/m| immediate data 


Immediate to Accumulator (Short Form) 0011010w | immediate data 


NOT = Invert Register/Memory 1111011w |mod010 f/m 


STRING MANIPULATION 
CMPS = Compare Byte Word 1010011w 
INS = Input Byte/Word from DX Port 0110110w 
LODS = Load Byte/Word to AL/AX/EAX; 1010110w 
MOVS = Move Byte Word 1010010w 
OUTS = Output Byte/Word to DX Port 0110111Ww 
SCAS = Scan Byte Word 
STOS = Store Byte/Word from 
AL/AX/EX 1010101Ww 
XLAT = Translate String 11010111 


REPEATED STRING MANIPULATION 
Repeated by Count in CX or ECX 
REPE CMPS = Compare String 
(Find Non-Match) 11110011 


1010011w 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction 


Format 


REPEATED STRING MANIPULATION (Continued) 


REPNE CMPS = Compare String 
(Find Match) 


REP INS = Input String 
REP LODS = Load String 
REP MOVS = Move String 
REP OUTS = Output String 


REPE SCAS = Scan String 
(Find Non-AL/AX/EAX) 


REPNE SCAS = Scan String 
(Find AL/AX/EAX) 


REP STOS = Store String 
BIT MANIPULATION 

BSF = Scan Bit Forward 
BSR = Scan Bit Reverse 


BT = Test Bit 


Register/Memory, Immediate 
Register/Memory, Register 

BTC = Test Bit and Complement 
Register/Memory, Immediate 
Register/Memory, Register 


BTR = Test Bit and Reset 


Register/Memory, Immediate 
Register/Memory, Register 


BTS = Test Bit and Set 


Register/Memory, Immediate 
Register/Memory, Register 


CONTROL TRANSFER 
CALL = Call 


Direct within Segment 


Register/Memory 


Indirect within Segment 


Direct Intersegment 
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‘7 + 6n* 
27 + 6n* 


5 + 6n* 


11110010 | 1010011w 


11110011 


11710011 | 10T0110wW 


7 + 4n** 


6 + 5n* 
26 + 5n* 


11110011 | 1010010w 


11710017 | O110T1 Tw 


11110011 . a 


11110010 | 1010111w 


TVATOOTT 


00001111 | 10111100 |modreg r/m 10: + Sn? 


00001111 | 10111101 |modreg r/m 10 + 3n** 


r/m| immed 8-bit data 


mod reg r/m 


00001111 | 10111010 |mod100 


00001111 | 10100011 


mod1i11  r/m|immed 8-bit data 


mod reg r/m 


r/m| immed 8-bit data 


mod reg r/m 


r/m| immed 8-bit data 


mod reg r/m 


60001111.) 10711076 


00001111 | 10111011 


00001111 10111010 |mod110 


00001111 10110011 


00001111 | 10111010 |mod101 


00001111 | 10101011 


11101000 | full displacement 


11111111 |mod010 f/m 9+m/12+m 


10011010 | unsigned full offset, selector 42+m 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction 


CONTROL TRANSFER (Continued) 
(Direct Intersegment) 


Via Call Gate to Same Privilege Level 64 +m a,c,d,j 
Via Call Gate to Different Privilege Level, 

(No Parameters) 98 +m a,c,d,j 
Via Call Gate to Different Privilege Level, 

(x Parameters) 106 + 8x +m a,c,d,j 


From 386 Task to 386 TSS 392 a,c,d,j 


Indirect Intersegment 11111111 |mod011 r/m a,c,d,j 


Via Call Gate to Same Privilege Level 68 +m a,c,d,j 
Via Call Gate to Different Privilege Level, 

(No Parameters) 102 +m a,c,d,j 
Via Call Gate to Different Privilege Level, 

(x Parameters) 110 + 8x +m a,c,d,j 


From 386 Task to 386 TSS 399 a,c,d,j 


JMP = Unconditional Jump 


Short 11101011 | 8-bit displacement 7+m 


Direct within Segment full displacement 7+m 


Register/Memory Indirect within Segment | 11111111 |mod100 r/m 9+m/14+m 


Direct Intersegment 11101010 | unsigned full offset, selector 37 +m c,d,j 


Via Call Gate to Same Privilege Level a,c,d,j 


From 386 Task to 386 TSS a,c,d,j 


Indirect Intersegment 11111111 |mod101 r/m a,c,d,j 


Via Call Gate to Same Privilege Level a,c,d,j 
From 386 Task to 386 TSS a,c,d,j 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction Format 


CONTROL TRANSFER (Continued) 
RET = Return from CALL: 


Within Segment 11000011 a,j,P 


Within Segment Adding Immediate to SP 11000010 16-bit displ a,j,.p 


Intersegment 11001011 a,c,d,j,p 


Intersegment Adding Immediate to SP 11001010 16-bit displ a,c,d,j,p 


to Different Privilege Level 
Intersegment c,d,j,p 
Intersegment Adding Immediate to SP c,d,j,p 


CONDITIONAL JUMPS 
NOTE: Times Are Jump “Taken or Not Taken” 
JO = Jump on Overfiow 


8-Bit Displacement 01110000 8-bit displ 7+mor3 


Full Displacement 00001111 10000000 | full displacement 7+mor3 


JNO = Jump on Not Overflow 
8-Bit Displacement 01110001 8-bit displ 7+ mor3 
Full Displacement 00001111 10000001 | full displacement 7+mor3 


JB/JNAE = Jump on Below/Not Above or Equal 
8-Bit Displacement 01110010 8-bit displ 7+mor3 


Full Displacement 00001111 10000010 | full displacement 7+ mor3 


JNB/JAE = Jump on Not Below/Above or Equal 


8-Bit Displacement 01110011 8-bit displ 7+mor3 


Full Displacement 00001111 10000011 | full displacement 7+mor3 


JE/JZ = Jump on Equal/Zero 


8-Bit Displacement 01110100 8-bit displ 7+mor3 


Full Displacement 00001111 10000100 | full displacement 7+mor3 


JNE/JNZ = Jump on Not Equal/Not Zero 
8-Bit Displacement 01110101 8-bit disp! 


Full Displacement 00001111 10000101 | full displacement 


JBE/JNA = Jump on Below or Equal/Not Above 
8-Bit Displacement O11 10310 8-bit displ 7+mor3 


4 


10000110 | full displacement 7+mor3 


Full Displacement 00001111 


JNBE/JA = Jump on Not Below or Equal/Above 
8-Bit Displacement 8-bit displ 7+ mor3 


Full Displacement 00001111 10000111 | full displacement 7+mor3 
JS = Jump on Sign 


8-Bit Displacement 01111000 8-bit displ 7+mor3 


Full Displacement 00001111 10001000 | full displacement 7+mor3 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction 


CONDITIONAL JUMPS (Continued) 
JNS = Jump on Not Sign 
8-Bit Displacement 01111004 8-bit displ 


Full Displacement 00001111 10001001 | full displacement 


JP/JPE = Jump on Parity/Parity Even 
8-Bit Displacement 01111010 8-bit disp! 


Full Displacement 00001111 10001010 | full displacement 


JNP/JPO = Jump on Not Parity/Parity Odd 
8-Bit Displacement 01111011 8-bit displ 


Full Displacement 00001111 10001011 | full displacement 


JL/JNGE = Jump on Less/Not Greater or Equal 
8-Bit Displacement 01111100 8-bit displ 


Full Displacement 00001111 10001100 | full displacement 


JNL/JGE = Jump on Not Less/Greater or Equal 


8-Bit Displacement O11 14101 8-bit displ 


Full Displacement 00001111 10001101 | full displacement 


JLE/JNG = Jump on Less or Equal/Not Greater 


8-Bit Displacement 01111110 8-bit displ 


Full Displacement 00001111 10001110 | full displacement 


JNLE/JG = Jump on Not Less or Equal/Greater 
8-Bit Displacement OLL17111 


8-bit displ 


Full Displacement 00001111 10001111 | full displacement 


8-bit displ 


JECXZ = Jump on ECX Zero 11100011 


(Address Size Prefix Differentiates JCXZ from JECXZ) 


LOOP = Loop ECX Times 11100010 8-bit displ 


LOOPZ/LOOPE = Loop with 
Zero/Equal 11100001 8-bit disp! 


LOOPNZ/LOOPNE = Loop While 


Not Zero 11100000 8-bit displ 


CONDITIONAL BYTE SET 
NOTE: Times Are Register/Memory 
SETO = Set Byte on Overfiow 


To Register/Memory 00001111 10010000 | mod000 f/m 


SETNO = Set Byte on Not Overfiow 
To Register/Memory 00001111 


SETB/SETNAE = Set Byte on Below/Not Above or Equal 


To Register/Memory | 00001111 10010010 |mod000_ f/m 
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10010001 |mod000 fr/m 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction Format 


CONDITIONAL BYTE SET (Continued) 
SETNB = Set Byte on Not Below/Above or Equal 
To Register/Memory 


SETE/SETZ = Set Byte on Equal/Zero 
To Register/Memory 00001111 


SETNE/SETNZ = Set Byte on Not Equal/Not Zero 
To Register/Memory 00001111 10010101 
SETBE/SETNA = Set Byte on Below or Equal/Not Above 
To Register/Memory 00001111 100 T0OT10 
SETNBE/SETA = Set Byte on Not Below or Equal/Above 
To Register/Memory | 00001111 | 40010111 | mod000O = :/m 


SETS = Set Byte on Sign 


To Register/Memory 00001111 10011000 | mod000 f/m 


SETNS = Set Byte on Not Sign 


To Register/Memory 00001111 10011001 | mod000 f/m 


SETP/SETPE = Set Byte on Parity/Parity Even 
To Register/Memory 00001111 10011010 | mod000 f/m 

SETNP/SETPO = Set Byte on Not Parity/Parity Odd 

To Register/Memory | 00001111 10011011 | mod000 f/m 
SETL/SETNGE = Set Byte on Less/Not Greater or Equal 

To Register/Memory 00001111 10011100 | mod000 f/m 
SETNL/SETGE = Set Byte on Not Less/Greater or Equal 

To Register/Memory | 00001111 01111101 |mod000 f/m 
SETLE/SETNG = Set Byte on Less or Equal/Not Greater 

To Register/Memory | 00001111 10011110 |mod000 f/m 


SETNLE/SETG = Set Byte on Not Less or Equal/Greater 


To Register/Memory | 00001111 10011111 |mod000 f/m 


ENTER = Enter Procedure 11001000 | 16-bit displacement, 8-bit level 


L=0 10 
L7 14 
L>1 17 +8(n — 1) 


LEAVE = Leave Procedure 11001001 6 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction Format 


INTERRUPT INSTRUCTIONS 
INT = Interrupt: 


Type Specified 11001101 type 


Via Interrupt or Trap Gate 

to Same Privilege Level c,d,j,p 
Via Interrupt or Trap Gate 

to Different Privilege Level c,d,j,p 


From 386 Task to 386 TSS via Task Gate c,d,j,p 


Type 3 11001100 


Via Interrupt or Trap Gate 


to Same Privilege Level c,d,j,p 
Via Interrupt or Trap Gate 
to Different Privilege Level c,d,j,p 


From 386 Task to 386 TSS via Task Gate c,d,j,p 


INTO = Interrupt 4 if Overfiow Flag Set | 11001110 


If OF = 1: 
IfOF = 0 


Via Interrupt or Trap Gate 

to Same Privilege Level c,d,j,p 
Via Interrupt or Trap Gate 

to Different Privilege Level c,d,j,p 


From 386 Task to 386 TSS via Task Gate c,d,j,p 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Instruction Format 


INTERRUPT INSTRUCTIONS (Continued) 


Bound = Out of Range 01100010 


interrupt 5 if Detect Value 


if in Range a,c,d,j,0,p 


if Out of Range: 
Via Interrupt or Trap Gate 
to Same Privilege Level c,d,j,p 
Via Interrupt or Trap Gate 
to Different Privilege Level c,d,j,p 


From 386 Task to 386 TSS via Task Gate c,d,j,p 
INTERRUPT RETURN 


IRET = Interrupt Return 170017171 


To the Same Privilege Level (within Task) a,c,d,j,p 
To Different Privilege Level (within Task) a,c,d,j,p 


From 386 Task to 386 TSS c,d,j,p 


PROCESSOR CONTROL 


HLT = HALT 11110100 


MOV = Move to and from Control/Debug/Test Registers 


CRO from register 00001111 1 1 eee reg 
Register from CRO . 00001111 1 1 eee reg 
DRO-3 from Register 00001111 1 1 eee reg 
DR6-7 from Register 00001111 1 1 eee reg 
Register from DR6-7 00001111 1 1 eee reg 
Register from DRO-3 00001111 1 1 eee reg 


NOP = No Operation 10010000 


WAIT = Wait until BUSY Pin is Negated 10011011 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Number 

Instruction Format - Clock of Data 
Counts 

Cycles 


PROCESSOR EXTENSION INSTRUCTIONS 


Processor Extension Escape 11011TTT | modLLL f/m See 80387SX Data Sheet 


TTT and LLL bits are opcode 
information for coprocessor. 


PREFIX BYTES 

Address Size Prefix 01100111 

LOCK = Bus Lock Prefix 11110000 

Operand Size Prefix 01100110 

Segment Override Prefix 
CS: 00101110 
DS: 00111110 
ES: 00100110 
FS: 01100100 
GS: 01100101 


$s: 00110110 


PROTECTION CONTROL 
ARPL = Adjust Requested Privilege Level 


From Register/Memory 01100011 20/21** 


Load Access Rights 
From Register/Memory 00001111 00000010 | modreg r/m a,Cc,i,p 
LGDT = Load Giobal Descriptor 


Table Register 00001111 00000001 | mod010 f/m 


LIDT = Load interrupt Descriptor 


Table Register 00001111 00000001 |mod01i1 Fr 


LLDT = Load Local Descriptor 


Table Register to 
Register/Memory 00001111 00000000 | mod010 f/m 


LMSW =Load Machine Status Word 
From Register/Memory ‘| 00001111 00000001 |mod110 f/m 
LSL= Load Segment Limit 


From Register/Memory 00001111 00000011 | modreg = r/m 


Byte-Granular Limit a,C,i,p 
Page-Granular Limit a,c,i,p 


LTR = Load Task Register 
From Register/Memory 00001111 00000000 | mod001 fr/m a,c,e,p 


SGDT = Store Global Descriptor 


Table Register 00001111 00000001 | mod000 f/m 


SIDT = Store interrupt Descriptor 
Table Register 00001111 00000001 | mod001 r/m 


SLDT = Store Local Descriptor Table Register 
To Register/Memory 00001111 00000000 |mod000 f/m 
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Table 8.1. 80376 Instruction Set Clock Count Summary (Continued) 


Number 
Instruction Format a of Data 
Cycles 


PROTECTION CONTROL (Continued) 


SMSW = Store Machine 
Status Word 00001111 00000001 | mod100 


STR = _ Store Task Register 
To Register/Memory 00001111 | 00000000 | mod001 f/m 
\ 


VERR = Verify Read Accesss 


Register/Memory 00001111 00000000 | mod100 r/m 1O/ta a,c,i,p 
VERW = Verify Write Accesss 00001111 00000000 | mod101 1r/m 15/16** a,c,i,p 


NOTES: 
a. Exception 13 fault (general violation) will occur if the memory operand in CS, DS, ES, FS or GS cannot be used due to 
either a segment limit violation or access rights violation. If a stack limit is violated, and exception 12 (stack segment limit 
violation or not present) occurs. | 
b. For segment load operations, the CPL, RPL and DPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segments’s descriptor must indicate “present” or exception 11 (CS, DS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present occurs). 
c. All segment descriptor accesses in the GDT or LDT made by this instruction will automatically assert LOCK to maintain 
descriptor integrity in multiprocessor systems. 
d. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is volated. 
e. An exception 13 fault occurs if CPL is greater than 0. 
f. An exception 13 fault occurs if CPL is greater than IOPL. 
g. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL field of the flag register is updated only 
if CPL = 0. 
h. Any violation of privelege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. 
i. If the coprocessor’s memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 
or no present) will occur if the stack limit is violated by the operand’s starting address. 
j. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur. 
k. 1 CPL <= IOPL 
I. If CPL > 1OPL 
m. LOCK is automatically asserted, regardless of the presence or absence of the LOCK prefix. 
n. The 80376 uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most signifi- 
cant bit in the operand (multiplier). Clock counts given are minimum to maximum. To calculate actual clocks use the follow- 
ing formula: 

Actual Clock = if m < > 0 then max ([logo |m|], 3) + 9 clocks: 

if m = 0 then 12 clocks (where m is the multiplier) 

o. An exception may occur, depending on the value of the operand. 
p. LOCK is asserted during descriptor table accesses. 
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8.2 INSTRUCTION ENCODING 


Overview 


All instruction encodings are subsets of the general 
instruction format shown in Figure 8.1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the ‘mod r/m’”’ 
byte and “scaled index’’ byte, a displacement if re- 
quired, and an immediate data field if required. 


Within the primary opcode or opcodes, smaller en- 
coding fields may be defined. These fields vary ac- 
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex- 
tension. 


Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod r/m 
byte, specifies the address mode to be used. Certain 
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encodings of the mod r/m byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod r/m byte to fully specify the addressing 
mode. 


Addressing modes can include a displacement im- 
mediately following the mod r/m byte, or scaled in- 
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 


lf the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 


Figure 8.1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the r/m field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc- 


- tions, sometimes within the opcode bytes them- 


selves. Table 8.2 is a complete list of all fields ap- 
pearing in the 80376 instruction set. Further ahead, 
following Table 8.2, are detailed tables for each 
field. 


TTTTTTTT|TTTTTTTT| modTTTr/m| ssindex base |d32| 16 | 8 | none data32 | 16 | 8 | none 


0.7 6.5.3 2°0 


7633-2 0 


AION es aa cet nad ibd osha he date, WG Pe Se, 


opcode “mod r/m’”’ 
(one or two bytes) byte 
(T represents an 
opcode bit.) 


“<j 2p” 


ee A ieee ' 


register and address 


address immediate 

byte displacement data 

(4, 2, 1 bytes (4, 2, 1 bytes 
or none) or none) 


mode specifier 


Figure 8.1. General Instruction Format 


Table 8.2. Fields within 80376 Instructions 


reg General Register Specifier 
mod r/m 


Ss Scale Factor for Scaled Index Address Mode 

General Register to be used as Index Register 

base General Register to be used as Base Register 

Segment Register Specifier for CS, SS, DS, ES 

Segment Register Specifier for CS, SS, DS, ES, FS, GS 

tttn For Conditional Instructions, Specifies a Condition Asserted 


index 


sreg2 
sreg3 


or a Condition Negated 
Note: Table 8.1 shows encoding of individual instructions. 
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Field Name Number of Bits 


Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
Specifies Direction of Data Operation 
Specifies if an Immediate Data Field Must be Sign-Extended 


Address Mode Specifier (Effective Address can be a General Register) 


2 for mod; 
‘3 for r/m 
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16-Bit Extensions of the 
Instruction Set 


Two prefixes, the operand size prefix (66H) and the 
effective address size prefix (67H), allow overriding 
individually the default selection of operand size and 
effective address size. These prefixes may precede 
any opcode bytes and affect only the instruction 
they precede. If necessary, one or both of the prefix- 
es may be placed before the opcode bytes. The 
presence of the operand size prefix (66H) and the 
effective address prefix will allow 16-bit data opera- 
tion and 16-bit effective address calculations. 


For instructions with more than one prefix, the order 
of prefixes is unimportant. 


Unless specified otherwise, instructions with 8-bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 


Encoding of Instruction Fields 


Within the instruction are several fields indicating 
register selection, addressing mode and so on. 


ENCODING OF OPERAND LENGTH (w) FIELD 


For any given instruction performing a data opera- 
tion, the instruction will execute as a 32-bit opera- 
tion. Within the constraints of the operation size, the 
w field encodes the operand size as either one byte 
or the full operation size, as shown in the table be- 
low. 


Operand Size Normal 
with 66H Prefix Operand Size 
0 8 Bits 8 Bits 
1 16 Bits 32 Bits 


ENCODING OF THE GENERAL 
REGISTER (reg) FIELD 


The general register is specified by the reg field, 
which may appear.in the primary opcode bytes, or as 
the reg field of the ‘mod r/m” byte, or as the r/m 
field of the “mod r/m’’ byte. 
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Encoding of reg Field When w Field 
is not Present in Instruction 


Register Selected 
During 32-Bit 
Data Operations 


EAX 
ECX 
EDX 
EBX 
ESP 
EBP 
ESI. 
EDI 


Register Selected 
with 66H Prefix 


reg Field 


Encoding of reg Field When w Field 
is Present in Instruction 


Register Specified by reg Field 
| without 66H Prefix 


ree Function of w Field 
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ENCODING OF THE SEGMENT 
REGISTER (sreg) FIELD 


The sreg field in certain instructions is a 2-bit field 
allowing one of the CS, DS, ES or SS segment regis- 
ters to be specified. The sreg field in other instruc- 
tions is a 3-bit field, allowing the FS and GS segment 
registers to be specified also. 


2-Bit sreg2 Field 


Segment 
Register 
Selected 


2-Bit 
sreg2 Field 


3-Bit sreg3 Field 


Segment 
Register 
Selected 


3-Bit 
sreg3 Field 


do not use 
do not use 
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ENCODING OF ADDRESS MODE 


Except for special instructions, such as PUSH or 
POP, where the addressing mode is pre-determined, 
the addressing mode for the current instruction is 
specified by addressing bytes following the primary 
opcode. The primary addressing byte is the ‘mod 
r/m’” byte, and a second byte of addressing informa- 
tion, the “s-i-b” (scale-index-base) byte, can be 
specified. 


The s-i-b byte (scale-index-base byte) is specified 
when using 32-bit addressing mode and the “mod 
r/m” byte has r/m = 100 and mod = 00, 01 or 10. 
When the sib byte is present, the 32-bit addressing 
mode is a function of the mod, ss, index, and base 
fields. 


The primary addressing byte, the “mod r/m’ byte, 
also contains three bits (Shown as TTT in Figure 8.1) 
sometimes used as an extension of the primary op- 
code. The three bits, however, may also be used as 
a register field (reg). 


When calculating an effective address, either 16-bit 
addressing or 32-bit addressing is used. 16-bit ad- 
dressing uses 16-bit address components to calcu- 
late the effective address while 32-bit addressing 
uses 32-bit address components to calculate the ef- 
fective address. When 16-bit addressing is used, the 
“mod r/m’’ byte is interpreted as a 16-bit addressing 
mode specifier. When 32-bit addressing is used, the 
“mod r/m’” byte is interpreted as a 32-bit addressing 
mode specifier. 


Tables on the following three pages define all en- 


codings of all 16-bit addressing modes and 32-bit 
addressing modes. 
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Encoding of Normal Address Mode with “mod r/m” byte (no “s-i-b” byte present): 


Effective Address Effective Address 


DS:[EAX] DS:[EAX + d32] 
DS: [ECX] DS:[ECX + d32] 
DS:[EDX] DS:[EDX + d32] 
DS: [EBX] DS:[EBX + d32] 
s-i-b is present s-i-b is present 
DS:d32 SS:[EBP + d32] 
DS:[ESI] 3 DS: [ESI + d32] 
DS:[EDI] DS:[EDI+ d32] 


DS:[EAX + d8] register—see below 
DS:[ECX + d8] register—see below 
DS:[EDX + d8] register—see below 
DS:[EBX + d8] register—see below 

s-i-b is present register—see below 
SS:[EBP + d8] register—see below 
DS:([ES!+ d8] register—see below 
DS:[EDI + d8] register—see below 


Register Specified by reg or r/m 
during Normal Data Operations: 
function of w field 


‘Register Specified by reg or r/m 
during 16-Bit Data Operations: (66H Prefix) 
function of w field 
| ee AX 
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Encoding of 16-bit Address Mode with “mod r/m” Byte Using 67H Prefix 


Effective Address Effective Address 


DS:[BX+ SI] DS:[BX + SI+ d16] 
DS:[BX + Dl] DS:[BX + DI + d16] 
SS:[BP + Si] SS:([BP + SI+ d16] 
SS:[BP + Dl] SS:[BP + Di+ d16] 
DS:[S1] DS:[SI+ d16] 
DS:[DI] DS:[DI+ d16] 
DS:d16 SS:[BP + d16] 
DS:[BX] DS:[BX + d16] 


DS:[BX + SI+ d8] register—see below 
DS:[BX + DI+ d8] register—see below 
SS:[BP + SI+ d8] register—see below 
SS:[BP + DI+ d8] register—see below 
DS:[SI+ d8] . register—see below 
DS:[DI + d8] register—see below 
SS:[BP + d8] register—see below 
DS:[BX + d8] . register—see below 


PRELIMINARY 3-91 


376 EMBEDDED PROCESSOR 


Encoding of 32-bit Address Mode (“mod r/m” byte and “s-i-b” byte present): 


Effective Address 


DS:[EAX + (scaled index)] 
DS:[ECX + (scaled index)] 
DS:[EDX + (scaled index)] 
DS: [EBX + (scaled index)] 
SS:[ESP + (scaled index)] 
DS:[d32 + (scaled index)] 

DS: [ESI + (scaled index)] 
DS: [EDI + (scaled index)] 


DS:[EAX + (scaled index) + d8] 
DS:[ECX + (scaled index) + d8] 
DS:[EDX + (scaled index) + d8] 
DS: [EBX + (scaled index) + d8] 
SS:[ESP + (scaled index) + d8] 
SS:[EBP + (scaled index) + d8] 

 DS:[ESI+ (scaled index) + d8] 

DS:[EDI + (scaled index) + d8] 


DS:[EAX + (scaled index) + d32] 
DS:[ECX + (scaled index) + d32] 
DS:[EDX + (scaled index) + d32] 
DS:[EBX + (scaled index) + d32] 
SS:[ESP + (scaled index) + d32] 
SS:[EBP + (scaled index) + d32] 
DS:[ESI + (scaled index) + d32] 
DS:[EDI+ (scaled index) + d32] 


NOTE: 
Mod field in “mod r/m” byte; ss, index, base fields in 
“s-i-b” byte. 
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Scale Factor 
00 x1 


01 x2 
10 x4 
11 x8 


EAX 
ECX 
EDX 


EBX 
no index reg** 
EBP 
ESI 
EDI 


**IMPORTANT NOTE: 

When index field is 100, indicating “no index register,” then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 
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ENCODING OF OPERATION 
DIRECTION (d) FIELD 


In many two-operand instructions the d field is pres- 
ent to indicate which operand is considered the 
source and which is the destination. 


id Direction of Operation 


Register/Memory <- - Register 
“reg” Field Indicates Source Operand; 

“mod r/m’ or “mod ss index base”’ Indicates 
Destination Operand 


Register <- - Register/Memory 
“reg” Field Indicates Destination Operand; 

“mod r/m’” or “mod ss index base”’ Indicates 
Source Operand 


ENCODING OF SIGN-EXTEND (s) FIELD 


The s field occurs primarily to instructions with im- 
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 


. Effect on Effect on 
| Immediate Data8 _ [Immediate Data 16|3 


0i|None None 


Sign-Extend Data8 to Fill None 


16-Bit or 32-Bit Destination 


ENCODING OF CONDITIONAL 
TEST (tttn) FIELD 


For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat- 
ing to use the condition (n= 0) or its negation (n= 1), 
and ttt giving the condition to test. 
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No Overflow 

Below/Not Above or Equal 
Not Below/Above or Equal 
Equal/Zero 

Not Equal/Not Zero 

Below or Equal/Not Above 


Not Below or Equal/Above 

Sign 

Not Sign 

Parity/Parity Even 

Not Parity/Parity Odd 

Less Than/Not Greater or Equal 
Not Less Than/Greater or Equal 


ENCODING OF CONTROL OR DEBUG 
REGISTER (eee) FIELD 


For the loading and storing of the Control and Debug 
registers. 


When Interpreted as Control Register Field 


000 CRO 
010 Reserved 
011 Reserved 


Do not use any other encoding 
When Interpreted as Debug Register Field 


Do not use any other encoding 
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9.0 REVISION HISTORY 


The sections significantly revised since version -003 are: 


Section 1.0 
Section 4.4 
Section 4.6 
Section 5.0 


Section 6.3 


Section 6.4 


Added FLT pin. | 
Added description of FLOAT operation and ONCE Mode. Figure 4.20 is new. 
Added revision identifier information for change to CHMOS IV manufacturing process. 


Both packages now specified for 0°C-115°C case temperature operation. Thermal resist- 
ance values changed. 

Icc Max. specifications changed from 400 mA (cold) and 360 mA (hot) to 275 mA (cold, 16 
MHz) and 305 mA (cold, 20 MHz). 

HLDA Valid Delay, t;4, min. changed from 6 ns to 4 ns. Added 20 MHz A.C. specifications in 
Table 6.5. Replaced Capacitive Derating Curves in Figures 6.8-—6.10 to reflect new manufac- 
turing process. Replaced Icc vs. Frequency data (Figure 6.11) to reflect new specifications. 


The sections significantly revised since version -002 are: 


Section 1.0 


Modified table 1.1. to list pins in alphabetical order. 


The sections significantly revised since version -001 are: 


Section 2.0 
Section 2.1 
Section 2.1 


Section 2.3 
Section 2.6 


Section 2.8 


Section 2.10 


Section 3.0 
Section 3.2 


Section 3.2 
Section 3.3 


Section 4.1 | 


Section 4.1 


Section 4.2 
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Figure 2.0 was updated to show the 16-bit registers SI, DI, BP and SP. 
Figure 2.2 was updated to show the correct bit polarity for bit 4 in the CRO register. 


Tables 2.1 and 2.2 were updated to include additional information on the EFLAGs and CRO 
registers. 


Figure 2.3 was updated to more accurately reflect the addressing mechanism of the 80376. 


In the subsection Maskable Interrupt a paragraph was added to describe the effect of 
interrupt gates on the IF EFLAGs bit. 


Table 2.7 was updated to reflect the correct power up condition of the CRO register. 


Figure 2.6 was updated to show the correct bit positions of the BT, BS and BD bits in the 
DR6 register. 


Figure 3.1 was updated to clearly show the address calculation process. 


The subsection DESCRIPTORS was elaborated upon to clearly define the relationship be- 
tween the linear address space and physical address space of the 80376. 

Figures 3.3 and 3.4 were updated to show the AVL bit field. 

The last sentence in the first paragraph of subsection PROTECTION AND I/O PERMIS- 
SION BIT MAP was deleted. This was an incorrect statement. 


In the Subsection ADDRESS BUS (BHE, BLE, A23-A, last sentence in the first paragraph 
was updated to reflect the numerics operand addresses as 8000FCH and 8000FEH. Be- 
cause the 80376 sometimes does a double word I/O access a second access to 8000FEH 
can be seen. 


The Subsection Hold Lantencies was updated to describe how 32-bit and unaligned ac- 
cesses are internally locked but do not assert the LOCK signal. 


Table 4.6 was updated to show the correct active data bits during a BLE assertion. 
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9.0 REVISION HISTORY (Continued) 


Section 4.4 This section was updated to correctly reflect the pipelining of the address and status of the 
80376 as opposed to ‘“‘Address Pipelining” which occurs on processors such as the 80286. 

Section 4.6 Table 4.7 was updated to show the correct Revision number, 05H. 

Section 4.7 Table 4.8 was updated to show the numerics operand register 8000FEH. This address is 
seen when the 80376 does a DWORD operation to the port address 8000FCH. 

Section 5.0 In the first paragraph the case temperatures were updated to reflect the 0°C-115°C for the 
ceramic package and 0°C-110°C for the plastic package. 

Section 6.2 Table 6.2 was updated to reflect the Case Temperature under Bias specification of —65°C- 
120°C. 

Section 6.4 Figure 6.8 vertical axis was updated to reflect “Output Valid Delay (ns)”’. 

Section 6.4 Figure 6.11 was updated to show typical Icc vs Frequency for the 80376. 

Section 8.1 The clock counts and opcodes for various instructions were updated to their correct values. 


Section 8.2 The section INSTRUCTION ENCODING was appended to the data sheet. 
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intel387™ SX 
MATH COPROCESSOR 
m New Automatic Power Management = Compatible with the Intel386™ SX 
— Low Power Consumption Microprocessor 
— Typically 100 mA in Dynamic Mode, — Extends CPU Instruction Set to 
and 4 mA in Idle Mode include Trigonometric, Logarithmic, 
m Socket Compatible with Intel387 Family and Exponential 
of Math CoProcessors @ High Performance 80-Bit Internal 
— Hardware and Software Compatible Architecture 
” Sel oid. a a 2100 Commercial = implements ANSI/IEEE Standard 
oftware Packages 754-1985 for Binary Floating-Point 
— 10% to 15% Performance Increase , 
: Arithmetic 
on Whetstone and Livermore 
Benchmarks m Available in a 68-Pin PLCC Package 


See Intel Packaging Specification, Order #231369 


The Intel887™ SX Math CoProcessor is an extension to the Intel386™ SX microprocessor architecture. The 
combination of the Intel887™ SX with the Intel886™ SX microprocessor dramatically increases the process- 
ing speed of computer application software that utilizes high performance floating-point operations. An internal 
Power Management Unit enables the Intel387™ SX to perform these floating-point operations while maintain- 
ing very low power consumption for portable and desktop applications. The internal Power Management Unit 
effectively reduces power consumption by 95% when the device is idle. 


The Intel387™ SX Math CoProcessor is available in a 68-pin PLCC package, and is manufactured on Intel’s 
advanced 1.0 micron CHMOS IV technology. 


240225-22 


Intel386 and Intel387 are trademarks of Intel Corporation. 


The complete document for this product is available on Intel’s “Data-on-Demand” CD-ROM system and is in 
the 1994 Microprocessors Volume | handbook. To obtain a copy, contact your local intel field sales office, Intel 
technical distributor or call 1-800-548-4725. 


December 1992 
3-96 Order Number: 240225-009 


intel. 82355 


BUS MASTER INTERFACE CONTROLLER 


(BMIC) 

@ Designed for use in 32-Bit EISA Bus @ Supports Automatic Handling of 
Master Expansion Board Designs Complete EISA Bus Master Protocol 
— Integrates Three Interfaces — EISA Arbitration/Preemption 

(EISA, Local CPU, and Transfer — Cycle Timing and Execution 
Buffer) — Byte Alignment 

= Supports 16- and 32-Bit Burst Transfers — 1K Boundary Detection 

— 33 Mbytes/Sec Maximum Data m= Supports Local Data Transfer Protocol 
Transfers Similar to Traditional DMA 

@ Supports 32-Bit Non-Burst and = Supports a General Purpose Command 
Mismatched Data Size Transfers and Status Interface 

= Supports 32-Bit EISA Addressability — Local and EISA System Interrupt 
(4 Gigabyte) Support 


— General Purpose Information 
Transfers 
— Set-and-Test-Functions in I/O Space 


m Two independent Data Transfer 
Channels with 24-Byte FIFOs 
— Expansion Board Timing and EISA (Semaphore Function) 


Timing Operate Asynchronously — Supports the EISA Expansion Board 
m@ Supports Peek/Poke Operation with the ID Function 


Ability to Access Individual Locations eT 
. = Supports Decode of Slot Specific and 
in EISA Memory or I/O space aeaaiat 1/O Addresses P 


m Automatically Handles Misaligned mw 132-Pin JEDEC PQFP Packa 
Be ge 
Doubleword Data Transfers with No (See Packaging Specification Order #240800, 
Performance Penalty Package Type NG 


82355 Internal Block Diagram 
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The complete document for this product is available on Intel’s “‘Data-on-Demand” CD-ROM system and is in 
the 1994 Peripherals handbook. To obtain a copy, contact your local Intel field sales office, Intel technical 
distributor or call 1-800-548-4725. 

September 1993 

Order Number: 290255-007 3-97 


intel. 82370 


INTEGRATED SYSTEM PERIPHERAL 


m@ High Performance 32-Bit DMA = Programmable Wait State Generator 
Controller for 16-Bit Bus —0 to 15 Wait States Pipelined 
— 16 MBytes/Sec Maximum Data ) — 1 to 16 Wait States Non-Pipelined 


Transfer Rate at 16 MHz 


= DRAM Refresh Controller 
— 8 Independently Programmable 
Channels m 80376 Shutdown Detect and Reset 


Control 


m 20-Source Interrupt Controller — Software/Hardware Reset 


— Individually Programmable Interrupt 


Vectors @ High Speed CHMOS Ill Technology 
— 15 External, 5 Internal Interrupts m 100-Pin Plastic Quad Flat-Pack Package 
— 82C59A Superset and 132-Pin Pin Grid Array Package 
@ Four 16-Bit Programmable interval (See Packaging Handbook Order #240800-001, Package Type 
Timers NG or Package Type A) 
— 82C54 Compatible = Optimized for Use with the 80376 


Microprocessor 

— Resides on Local Bus for Maximum 
Bus Bandwidth 

— 16 MHz Clock 


= Software Compatible to 82380 


The 82370 is a multi-function support peripheral that integrates system functions necessary in an 80376 
environment. It has eight channels of high performance 32-bit DMA (32-bit internal, 16-bit external) with the 
most efficient transfer rates possible on the 80376 bus. System support peripherals integrated into the 82370 
provide Interrupt Control, Timers, Wait State generation, DRAM Refresh Control, and System Reset logic. 


The 82370’s DMA Controller can transfer data between devices of different data path widths using a single 
channel. Each DMA channel operates independently in any of several modes. Each channel has a temporary 
data storage register for handling non-aligned data without the need for external alignment logic. 
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The complete document for this product is available on Intel’s “‘Data-on-Demand” CD-ROM system. To obtain 
a copy, contact your local Intel field sales office, Intel technical distributor or call 1-800-548-4725. 

November 1992 
3-98 Order Number: 290164-005 


intel. 82596DX AND 82596SX 
HIGH-PERFORMANCE 32-BIT LOCAL 
AREA NETWORK COPROCESSOR 


w Performs Complete CSMA/CD Medium m@ High-Performance 16-/32-Bit Bus 


Access Control (MAC) Functions— Master Interface 
independently of CPU — 66-MB/s Bus Bandwidth 
— IEEE 802.3 (EOC) Frame Delimiting — 33-MHz Clock, Two Clocks Per 
— HDLC Frame Delimiting Transfer 
m Supports Industry Standard LANs — Bus Throttle Timers 
— IEEE TYPE 10BASE-T (TPE), — Transfers Data at 100% of Serial 
IEEE TYPE 10BASE5 (Ethernet*), Bandwidth 
IEEE TYPE 10BASE2 (Cheapernet), — 128-Byte Receive FIFO, 64-Byte 
IEEE TYPE 1BASES5 (StarLAN), Transmit FIFO | 
and the Proposed Standard m= Network Management and Diagnostics 
TYPE 10BASE-F — Monitor Mode 
—— Proprietary CSMA/CD Networks Up — 32-Bit Statistical Counters 
to 20 Mb/s : 
m@ Self-Test Diagnostics 
m= On-Chip Memory Management 
— Automatic Buffer Chaining m@ Configurable Initialization Root for Data 
— Buffer Reclamation after Receipt of Structures ' 3 
Bad Frames; Optional Save Bad m High-Speed, 5-V, CHMOS** IV 
Frames Technology 


— 32-Bit Segmented or Linear (Flat) 
Memory Addressing Formats and PGA Package 
m 82586 Software Compatible (See Packaging Specifications Order Number: 240800-001, 
a Optimized CPU Interface Package Type KU and A) 
— 82596DX Bus Interface Optimized to 
intel’s 32-Bit i386™DX 
— 82596SX Bus Interface Optimized to 
Intel’s 16-Bit i386™SX 
i386™ is a trademark of Intel Corporation 


Pah Supports Big Endian and Little *Ethernet is a registered trademark of Xerox Corporation. 
Endian Byte Ordering **CHMOS is a patented process of Intel Corporation. 


@ 132-Pin Plastic Quad Flat Pack (PQFP) 
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Figure 1. 82596DX/SX Block Diagram 


The complete document for this product is available on Intel’s “Data-on-Demand”’ CD-ROM system and is in 
the 1994 Networking handbook. To obtain a copy, contact your local Intel field sales office, Intel technical 
distributor or call 1-800-548-4725. 

October 1993 

Order Number: 290219-006 3-99 


Intel386T™ AND Intel486™ FAMILY 
DEVELOPMENT SUPPORT 


paeeed SE PRA SL He Parry 


280808 -1 


COMPREHENSIVE DE VELOPMEN' T SUPPORT FOR THE 
Intel386T™ AND Intel486™ FAMILIES OF MICROPROCESSORS 


The perfect complement to the Intel886™ and i486T™ microprocessor family is a 
comprehensive development solution. Intel provides a complete, synergistic hardware 
and software development toolset, that delivers full access to the power of the Intel386 
and i486 microprocessor family architectures. 


Intel development tools are easy to use, yet powerful, with an up-date user interface and 
productivity boosting features such as symbolic debugging. Each tool is designed to help 
move your application from the lab to the market. 


If what interests you is getting the best product to market in as little time as possible, 
Intel is the choice. 


August 1992 
3-100 Order Number: 280808-007 
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¢ Comprehensive support for the full 32 bit e Languages provide a common object code 
Intel386 and Intel486 microprocessor format (Intel OMF386) that supports 
architectures—includes protected mode, 4 symbolic debug and permits the intermixing 
gigabyte physical memory addressing, and of modules written in various languages 
Intel486 microprocessor on-chip cache and e ROM-able code is output directly from the 
numerics language tools, significantly reducing the 

e In-circuit emulators provide a standard effort necessary to integrate software into 
windowed interface that is common across the final target system 
Intel debug tools and architectures e Extensive support for the Intel family of 

e Emulators also feature a source line display math coprocessors 
and symbolics to allow debugging in the ¢ Operation in DOS IBM PC AT and PS/2 
context of the original program Model 60 and 80, running DOS. 


e Intel high-level languages provide 
architectural extensions for manipulating 
hardware directly without assembly 
language routines 


Compile with Convert to 


ASM-386 Create Hex with 
386 and Maintain 
PLUM-386 Libraries with © 
FOR-386 Lib-386 
© © . 
‘ i : 
Assign 
. i Absolute 
Source OMF386 © Addresses 
Object with 
Code Code 
© 


Debug with 


EMUL-387 DB386 Monitor 
© © | o }3%© 
i ; i 


Math Coprocessor 
Libraries 


Re! Execute on —f= 
386-based PC In-Circuit 


1] = 


Figure 1: Intel Microprocessor Development Environment 
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ASM-386/486 MACRO 
ASSEMBLER 


Intel’s ASM 386 macro assembler for the 
Intel386 and Intel486 Families offers many 
features normally found only in high-level 
languages. The macro facility in ASM 386 
saves development time by allowing common 
program sequences to be coded only once. The 
assembly language is strongly typed, 
performing extensive checks on the usage of 
variables and labels. 


_ Other Intel ASM 386 features include: 

e “High-level” assembler mnemonics to 
simplify the language 

e Structures and records for data 
representation 

e Support for Intel’s standard object code 
format for source-level symbolic debug, and 
for linking object modules from other 
Intel386 and Intel486 microprocessor 
languages 

e Full support for processor and math 
coprocessor instruction sets 

e A “MOD486” switch for support of the i486 
microprocessor instructions 

e 16 bit or 32 bit address overrides 

e Supports development for Virtual 86, Real, 
286 Protected, and 386 Protected modes 


tC386/486 COMPILER 


Intel’s iC-386 compiler combines the power of C 


programming language with special features 
for architectural support and code efficiency. 
The compiler produces code for Intel386 and 
Intel486 processors from C source files, and 
conforms to the 1989 ANSI standard (ANS 


X3.159-1989) for the C programming language. 


Key Intel iC-386 features include: 
e Controls to tailor the compilation for each 


step of your application development process 


e In-line versions of many ANSI-standard 
library functions 


e Expanded memory support (LIM Version 3.0 


and higher) for large applications 

e Object code (including supplied run-time 
libraries) suitable for ROM 

¢ Three different levels of optimization 

e A choice of three segmentation memory 
models (small, compact, and flat) to create 
compact and efficient code 
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e In-line processor-specific functions and time- 

saving macros that provide access to the 

special features of the Intel386 and Intel486 

processors 

In-line floating-point instructions for the 

Intel887™ numerics coprocessor and 

Intel486 processor floating-point unit 

Time-saving macros and functions to help 

assembly language routines interface with 

Intel’s high-level programming languages 

e The standard C run-time library plus 
libraries for floating-point support and the 
iRMX® III C interface library 

e An easy interface to Intel’s non-C 
programming languages 

e Support for source-level debugging 

e Programming with subsystems, allowing 
mixed segmentation memory models 

e Extensions to the 1989 ANSI C standard for 
compatibility with previous versions Intel C 

¢ Fast and efficient functions for common 
programming tasks 


_ PL/M-386/486 COMPILER 


Intel’s PL/M-386 is a structured high-level 
system implementation language for the 
Intel386 and Intel486 Families. PL/M-386 
supports the implementation of protected 
operating system software by providing built- 
in procedures and variables to access the 
Intel386 and Intel486 architectures. For 
efficient code generation, PL/M-386 features 
four levels of optimization, a virtual symbol 
table, and four models of program size and 
memory usage. 
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Other Intel PL/M-386 features include: 

¢ The ability to define a procedure as an 
interrupt handler as well as facilities for 
generating interrupts 

e Direct support of input and output from 
microprocessor ports 

¢ Upward compatibility with Intel PL/M-86 
and PL/M-286 source code 

e A “MOD486” compiler switch for Intel486 
microprocessor instruction generation 


PL/M-386 combines the benefits of a high-level 
language with the ability to access the Intel386 
and Intel486 architectures. For the 
development of systems software, PL/M-386 is 
a costeffective alternative to assembly 


language programming. 


FORTRAN-386/486 COMPILER 


Intel’s FORTRAN-386 compiler is a cross- 
compiler that supports the entire Intel386 
family of components and Intel486 
microprocessors (when operating in the 386 
chip mode) microprocessors. 


FORTRAN-386 features high-level support for 
floating-point calculations, transcendentals, 
interrupt procedures, and run-time exception 
handling. FORTRAN-386 meets the ANSI 
FORTRAN-77 language subset specification 
and supports extensions éndorsed by the 
Department of Defense (DOD), extensions that 
support programs written for the ANSI 
FORTRAN 66 standard, and extensions that 
support the Intel386 microprocessor and 
related numerics coprocessors. 


To aid in the development and debugging 
process, the compiler generates warning and 
error messages and an optional listing file. The 
listing file can include symbol cross-reference 
tables and a listing of the generated Intel386 
microprocessor assembly-language 
instructions. Library routines are reentrant 
and ROMable. 


Other Intel FORTRAN-386 compiler features 

include: . 

e Object code can be configured to reside in 
either RAM or ROM 

e The program code can be optimized for 
execution speed or memory size 

e Source-level debugging is supported via the 
rich symbolics provided in the object module 
format (Intel OMF386) 

e¢ Support for the proposed REALMATH IEEE 
floating point standard 


RLL-386/486 RELOCATION, 
LINKAGE, AND LIBRARY 
TOOLS 


The RLL 386 relocation, linkage, and library 
tools feature comprehensive support of the full 
Intel386 and Intel486 architectures. The tools 
link separate modules, build object libraries, 
link in Intel387 support, build tasks to execute 
under protected mode, or multitasking, 
memory protected software. RLL-386 supports 
loadable, linkable, and bootloadable Intel 
object module formats; and supports all 
segmentation models. RLL-386 consists of the 
following: 


Binder — for linking multiple object 
modules into a single program 
and resolving references between 
modules. 

Builder — for producing absolute object 


modules, assigning addresses, and 
creating protected mode data 
structures. 


Librarian — for creating and maintaining 
libraries of object modules. 


EMUL-387, NUM-387 NUMERICS 
SUPPORT LIBRARIES 


Intel’s EMUL-387 and NUM-387 Numerics 
Libraries fully support the Intel387T™, Intel 
387 DX, Intel 387 SX math coprocessors and 
the Intel486 internal numerics unit—whether 
an actual math coprocessor is used in the final 
system or not. 


For Intel386 microprocessor based applications 
without a math coprocessor, EMUL-387, a 
numerics software emulator, will execute 
instructions as though the coprocessor were 
present. Its functionality is identical to that of 
the math coprocessor. It is.ideal for 
prototyping and debugging floating-point 
application software independent of hardware. 
Further, this permits portability of application 
code regardless of the presence of math 
coprocessor hardware in target systems. 


For applications with a math coprocessor, 
NUM-387 numerics support library provides 
Intel’s ASM 386, C-386, PL/M-386, and 
FORTRAN-386 language users with enhanced 
numeric data processing capability. With the 
library, it is easy for programs to do floating 
point arithmetic. Programmers can bind in 
library modules to do trigonometric, 
logarithmic and other numeric functions. 
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The user is guaranteed accurate, reliable 
results for all appropriate inputs. 


Intel’s NUM-387 support library is a collection 
of four functionally distinct libraries: 

¢ Common elementary function library 
routines perform algebraic, logarithmic, 
exponential, trigonometric, and hyperbolic 
operations on real and complex numbers, as 
well as real-to-integer conversions; the 
routines extend the ranges of the coprocessor 
instructions 

Initialization library routines set up the 
numerics processing environment for the 
Intel386 family of processors with an 
Intel387, DX, or SX or true software 
emulator | 

Decimal conversion library routines convert 
floating-point numbers from one Intel387, 
DX, or SX binary storage format to another, 
or from ASCII decimal strings to Intel387, 
DX, or SX binary floating-point format and 
vice versa 

Exception handling library routines make _ 
writing numerics exception handlers easier 


All support library modules are in Intel386 
microprocessor object module format (Intel 
OMEF-386) so they can be linked with the object 
output of any Intel language. All routines are 
reentrant and ROMable. 


By using Intel’s NUM-387, the user is 
guaranteed that the numeric software meets 
industry standard (ANSI/IEEE standard for 
binary floating point arithmetic, 754-1985) and 
is portable, thus maintaining software 
investment. 


DB-386 Software Debugger 


Intel’s DB-386 is a PC-based software 
development environment with source-level 
symbolic debug capabilities for object modules 
produced by Intel’s assembler and high-level 
language compilers. This software debug 
environment allows Intel386 microprocessor 
code to be executed and debugged directly on a 
Intel386 DX or Intel886 SX microprocessor 
based PC, without any additional target 

_ hardware required. With Intel’s standard 
windowed human interface, users can focus 
their efforts on finding bugs rather than 
spending time learning and manipulating the 
debug environment. 


Other Intel DB-386 features include: 

e A run-time interface allows protected-mode 
Intel386 microprocessor programs to be 
executed directly on a Intel386 DX or 
Intel886 SX microprocessor based PC 


3-104 


| FEATURES | a 


e Drop-down menus make the tool easy to 
learn for new or casual users. A command 
line interface is also provided for more 
complex problems 

Watch windows (which display user-specified 
variables), trace points, and breakpoints 
(including fixed, temporary, and conditional) 
can be set and modified as needed 
The user can browse source and callstacks, 
observe processor registers, and access watch 
window variables by either pull down menus 
or by a single keystroke, using function keys 
The user need not know whether a variable 
is an unsigned integer, a real, or a 
structure—the debugger uses the wealth of 
typing information available in Intel 
languages to display program variables in 
their respective type formats 

DB-386 supports the Intel486 microprocessor 
when operated in the Intel386 
microprocessor mode 


Intel386 and Intel486 Family 
In-Circuit Tools 


Intel in-circuit emulators are used in many 
different debug environments including the 
design and test of: PC BIOS software and 
motherboard hardware, Intel386 and Intel486 
based single board computers, and application 
and operating system software for DOS-based, 
ROM-based, and UNIX-based systems. 


The Intel386 and Intel486 In-Circuit 
Emulators (ICE™) take advantage of exclusive 
Intel technology to provide accurate emulation 
for Intel’s 80386 SX, 80386 DX, 80376, and 
80486 microprocessors. Special access to 
internal processor states provides information 
not available to emulators which simply 
monitor the external buses. Emulators which 
do not have access to the internal processor 
conditions cannot guarantee accurate display 
of instructions executed by the microprocessor. 
With an Intel In-circuit Emulator you can be 
certain that the emulator is displaying 
accurate execution history, even when 
executing code from the on-chip cache memory 
of the Intel486. 


The DOS hosted Intel386 DX and Intel386 SX 
emulators feature a windowed, menu-driven, 
human interface which provides easy access to 
the powerful features of these emulators. This 
makes it easy for novice or infrequent users to 
get the most out of every debug session. This 
interface features multiple windows which 
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allow you to simultaneously view source code, 
assembly code, memory, trace, variables, and 
registers. This interface is fully symbolic when 
used with Intel languages. 


All of the emulators feature a combination of 
powerful and flexible breakpoints. The 
products use a combination of software 
breakpoints, hardware breakpoints, and on- 
chip debug registers to provide a rich set of 
recognition logic. Flexible breakpoints make it 
possible to set breakpoints on instruction 
execution and/or any possible bus event. 


Trace filtering provides the ability to select the 
information captured in the trace buffer. 
ICE-386 SX allows capture of solely bus cycle 
information or both bus cycle and execution 
information. In addition, the ICE-386 DX can 
filter wait-state information from the trace 
buffer. ICE-486 provides the most flexible trace 
collection by allowing capture of information 
by any combination of bus cycle type including 
filtering of wait states, by instructions only, or 
by both bus cycles and instructions. 


Other features of Intel emulators include: 

¢ Unparalleled support of the Intel386 and 
Intel486 architectures, notably the native 
protected mode 

e Emulation at clock speeds to 33 MHz, and 
full featured trigger and trace capabilities 

e The Intel386 family emulators are 
convertible using removable probes to 
support the 80386 DX and 80386 SX 
microprocessors. The Intel486 processor is 
also supported via a product upgrade. 


Relocatable Expanded Memory 


Designed to enhance your existing ICE-486 and 
the ICD-486 debugger (REM486 is included 
with ICE-486 and an option for ICD-486). This 
optional relocatable expansion memory board 
adds 2 Mbyte of memory which the ICE or ICD 
can use in place of memory on the user target 
board. ? 


ONCE-386 and Transmuter 
Adapters 


If you have a surface mount Intel386 SX 
microprocessor design using 100-pin PQFP 
parts, Intel ICE emulators have on-circuit 
emulation (ONCE) capability. With surface 
mounted components, the ICE-386 SX 
emulator cabling clamps over the part, tri- 
stating the component, and allowing the 
emulator to operate. This allows you to debug 
manufactured boards without resoldering. For 
early target load development, a transmuter 
adapter can be used. The transmuter provides 
a better connection technique for debugging 
systems where the adapter cable will have to 
be attached and removed many times (like in 
prototype development). 


ICD-486 In-Circuit Debugger 


The ICD-486 In-circuit Debugger provides a 
low-cost alternative for full speed in-target 
Intel486 development. ICD-486 implements a 
subset of ICE functionality including: symbolic 
debugging, debug of high-speed cached 
applications, software and debug register 
breakpoints, and in-circuit operation. 


Worldwide Service, Support, and 
Training 
To augment its developing tools, Intel offers 


field application engineering expertise, hotline 
technical support, and on-site service. 


Intel also offers Software Support which 
includes technical software information, 
automatic distributions of software and 
documentation updates, (COMMENTS 
publication, remote diagnostic software, and 
development tools troubleshooting guide. 


Intel’s 90-day Hardware Support package 
includes technical hardware information, 
telephone support, warranty on parts, labor, 
material, and on-site hardware support. 


Intel Development Tools also offers a 30-day, 
money-back guarantee to customers who are 
not satisfied after purchasing any Intel 
development tool. 
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| FEATURES | 


PRODUCT SUPPORT MATRIX 


RLL-386 Relocation, 
Linkage, Library, Support 
Tools 


NUM-387 Libraries ad vd 


In-Ci 
In-Circuit Debugger 


| Component | Host 
i486 | 386 
DX | SX | 3.x and 5.0 


[EMULSH7 Libraries | NA[ > | 
ey ie ee ee 


x 


DB-386 Software Debugger 


ORDERING INFORMATION 


386/i486T FAMILY DOS 
HOSTED DEVELOPMENT KIT 
ORDER CODES 

Software Order Codes 3 


All software supports 386 and 486 
microprocessor families except where 
indicated. 


DKIT386C Compiler Software 
Development Kit (See 


following content list). 


D86ASM386NL ASM macro assembler for 
PC-DOS systems. 

DOS resident, ANSI standard 
(ANS X3.159-1989) C 
compiler. 


D86C386NL 


D86PLM386NL DOS resident PL/M compiler. 


D86FOR386NL DOS resident Fortan 
Compiler. 
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D86RLL386NL DOS resident software 
development package. 
Contains Binder (for linking 
separately compiled modules), 
a Builder (for configuring 
protected multi-tasking 
systems), a cross reference 
Mapper, and a Librarian. Use 
this tool in conjunction with 
Intel’s 80386 compilers and 
macro assembler. 


DB386 DOS S/W debugger. 


The Intel Basic Software Development Kit for 
the DOS hosted environment includes: 


iC386 compiler 

ASM386 assembler 

RLL386 relocation linker and locator 
NUM887 numerics library 

EMUL387 math coprocessor emulator 
library 

DB386 software debugger 

OMF386LOAD loader development object 
module format documentation 


intel. 


ORDERING INFORMATION 


IN-CIRCUIT TOOL ORDER 
CODES 


All In-circuit emulator codes include: control 
unit, power supply, processor module, Stand- 
Alone Self Test board, bus Isolation Board, and 
DOS host software and serial interface cable. 


ICE3886SX25V ICE-386 SX In-circuit 
emulator for the Intel386 
SX component to 25 MHz. 


ICE-386 SX In-circuit 
emulator for the 80386 SX 
component to 20 MHz. 


ICE-386 DX In-circuit 
emulator for the 80386 DX 
component to 25 MHz. 


ICE-386 DX In-circuit 
emulator for the 80386 DX 
component to 33 MHz. 


pICE386SX20D 
pICE386DX25DZ 
ICE386DX33D 


ICD48650D In-circuit debugger for the 
80486 microprocessor to 


50 MHz. 


ICE-486 In-circuit emulator 
for the 80486 component to 
33 MHz. 


ICE CONVERSION KITS 


KBASECONC Converts ICE-486 to ICE- 
376, ICE-386 SX, or ICE-386 
DX. 


Converts ICE-386 SX or 
ICE-386 DX to ICE-486. 


pICE48633DZ 


KBASECONV 


TOICE386SX20D Converts ICE-386 DX to 


ICE-386 SX 20 MHz. 
TOICE386DX25D Converts ICE-386 SX to 
ICE-386 DX 20 MHz. 
TOICE48633D Converts ICE-386 SX or 
ICE-386 DX to ICE-486 33 
MHz. 
ADDITIONAL TOOL ORDER 
CODES 
386SXONCE 100 pin PQFP to 132 pin 
Kit PGA adaptor kit. 
REM486A 2 Mbyte relocatable 


expansion memory option 
for ICD-486 (included with 
ICE-486). 


To order your Intel Development Tool product, 
for more information, or for the number of 
your nearest sales office or distributor, call 
800-874-6835 (North America). For literature 
on other Intel products call 800-548-4725 
(North America). Outside of North America, 
please contact your local Intel sales office or 
distributor for more information. 
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TRANS 186 — 376 ASSEMBLY CODE 
TRANSLATOR 


To Order TRANS 186 — 376 
Software, contact your 
local Intel sales office 


270919-1 


TRANS 186 —> 376 PRESERVES YOUR PROGRAMMING 
INVESTMENT 


When your embedded application outgrows the 80C186 family, TRANS 186 — 376 is 
ready to help you upgrade to the 376 Embedded Processor. TRANS 186 — 376 is a DOS- 
based tool to automate the translation of Intel ASM86 source code to ASM386 source 
code. This program can actually help protect the man-years of investment in your 
original 86 software. 


TRANS 186 —> 376 LOWERS THE 32-BIT BARRIER 


TRANS 186 — 376 accepts 16-bit source code written for any member of the 8086/8088 
and 80C186/80C188 families. The output source code, with its 32-bit offsets, is suitable for 
Protected Mode execution on the 376 Embedded Processor or any 386, 386SX, or 486 
microprocessor. The time you save by recycling your software can be applied toward 
system enhancements. 


You control TRANS 186 — 376 operation from either the DOS command line or a 
control file. Major control switches cover: 


¢ Choice of FLAT model or LARGE16 memory environment 
¢ Redefinition of segments 
e Optional 32-bit data declaration 


TRANS 186 — 376 translates your routines on a line-by-line basis, converting as much 
code as possible. Whenever the tool does not have enough information to make 
conversions, it highlights the code section with messages, alerting you to edit by hand. 
TRANS 186 — 376 can write the ASM86 source code as comments | in the ASM386 source 
file for side-by-side comparison. 


* PC AT and PC-DOS are trademarks of IBM. 
**MS-DOS is a trademark of Microsoft Corporation. 


; November 1990 
3-108 Order Number: 270919-001 
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TRANS 186 — 376 COMPLEMENTS OTHER DEVELOPMENT TOOLS 


Upon request, TRANS 186 — 376 generates a build file for the Intel System Builder, BLD386. 
This allows you to get your software running with only minimal BLD386 experience. A 72-page 
manual accompanies the TRANS 186 — 376 tool. The manual coverage includes: 

e Practical tips on the overall conversion process 

e Initializing the CPU and generating Protected Mode data structures 

e Producing code for emulators and debuggers 


Your 80C186 experience can release the power of the 376 Embedded Processor with the TRANS 
186 — 376 Assembly Language Translator as your partner. 


System requirements: PC AT* or compatible computer with PC-DOS* or MS-DOS** operating 
system version 3.0 or later, hard disk, and 512K RAM. 
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PRODUCT PREVIEW 


Iintel386™ CX 
EMBEDDED MICROPROCESSOR 


mg Static Intel386™ CPU Core 


— Low Power Consumption 
— Operating Power Supply 
2.7V to 5.5V 
— Operating Frequency 
12 MHz at 2.7V to 3.3V; 20 MHz at 
3.0V to 3.6V; 
25 MHz at 4.5V to 5.5V 


Transparent Power-Management 

System Architecture 

— Intel System Management Mode 
Architecture Extension for Truly 
Compatible Systems 

— Power Management Transparent to 
Operating Systems and Application 
Programs 

— Programmable Power-Management 
Modes 


Clock Freeze Mode Allows Clock 
Stopping at Any Time 


Full 32-Bit Internal Architecture 
— 8-, 16-, 32-Bit Data Types 
— 8 General Purpose 32-Bit Registers 


Runs Intel386 Architecture Software in 

a Cost Effective 16-Bit Hardware 

Environment 

— Runs Same Applications and 
Operating Systems as the Intel386 
SX and Intel386 DX Processors 

— Object Code Compatible with 8086, 
80186, 80286, and Intel386 
Processors 


The Intel386 CX embedded microprocessor is a 32-bit, fully static CPU with a 16-bit external data bus, a 26-bit 
external address bus, and Intel’s System Management Mode (SMM). The Intel886 CX CPU brings the vast 
software library of the Intel386 architecture to embedded systems. It provides the performance benefits of 
32-bit programming with the cost savings associated with 16-bit hardware systems. 


September 1993 
Order Number: 272418-001 


@ High Performance 16-Bit Data Bus 


— 12, 20, 25 MHz Clock 

— Two-Clock Bus Cycles 

— Address Pipelining Allows Use of 
Slower, Inexpensive Memories 


Integrated Memory Management Unit 

(MMU) 

— Virtual Memory Support 

— Optional On-Chip Paging 

— 4 Levels of Hardware-Enforced 
Protection 

— MMU Fully Compatible with Those of 
the 80286 and Intel386 DX 
Processors 


Virtual 8086 Mode Allows Execution of 
8086 Software in a Protected and 
Paged System 


Large Uniform Address Space 

— 64 Megabyte Physical 

— 64 Terabyte Virtual 

— 4 Gigabyte Maximum Segment Size 


Numerics Support with Intel387™ SX 
and Intel387 SL Math Coprocessors 
On-Chip Debugging Support Including 
Breakpoint Registers 

Complete System Development 
Support 

High-Speed CHMOS Technology 

Two Package Types 


— 100-Pin Plastic Quad Flatpack 
— 100-Pin Shrink Quad Flatpack 
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Segmentation Unit Paging Unit 


Bus Control HOLD,RESET 
Adder Request INTRA, NMI 
Prioritizer aed gb 
, BUSY#,HLDA 
: : SMI#, SMI_ACT# 
Descriptor ; * 
Register Page Cache 


Limit and Control and 
Attribute Attribute 
PLA 


Protection 
Test Unit 
Internal Control Bus BLE#, BHE# 


A25:1, A2ZOM# 


M/lO#, D/C# 
W/R#, LOCK# 
ADS#, NA# 
READY# 


Pipeline/ 


Bus Size |<< 
Control 


Code Fetch/Page Table Fetch 


Linear Address Bus 


Displacement Bus 


Shifter/ 
Adder Prefetcher/ 


' Flaas Limit 
head : Checker 
Divide 
Register Control 
File ROM 


Sioa Control Instruction Instruction 
Predecode Prefetch 
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Figure 1. Intel386™ CX Microprocessor Block Diagram 
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1.0 PIN ASSIGNMENT 


TOP VIEW 


a 
XS 


CAL AAMMAAAAAAANANAANANAAAANS 
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Figure 2. intel386™ CX Microprocessor Pin Assignment (PQFP and SQFP) 
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Table 1. Pin Assignment 
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2.0 PIN DESCRIPTIONS 


Table 2 lists the Intel386 CX Microprocessor pin descriptions. The following definitions are used in the pin 
descriptions: 


# The named signal is active low. 
| Input signal. 

O Output signal. 

I/O Input and Output signal. 

P Power pin. 

G Ground pin. 


Table 2. Pin Descriptions 


| Symbol | Type | Pin Name and Function 


A20M # (1) : Address 20 Mask controls the A20 address signal. When 
64, 62-58, 


A20M # is low, the CPU masks off (forces low) the internal A20 
A25:1 (2) 
56-51, 18 


47-46, 80-79, | Address Bus outputs physical memory or port I/O addresses. 


76-72, 70, 66, 


Busy indicates that the math coprocessor is busy 


CLK2 provides the fundamental timing for the device. 


Data/Control indicates whether the current bus cycle is a data 
cycle (memory or I/O) or a control cycle (interrupt acknowledge, 
halt, or code fetch). When D/C # is high, the bus cycle is a data 

cycle; when D/C # is low, the bus cycle is a control cycle. 


physical address signal. This enables the CPU to run software 
techniques. When A20M # is high, A20 is available on the 
address bus. While the bus is floating, A20M # has no effect on 
SMM if the SMM handler accesses more than 1 Mbyte of 
memory. 
ADS # 16 Address Status indicates that the processor is driving a valid 
bus-cycle definition and address onto its pins (W/R#, D/C#, 
M/lO#, BHE#, BLE#, and A25:1). 
BLE# 17 Byte Low Enable indicates that the processor is transferring a 
low data byte. 
BUSY =) ES |S ae 
ene ee ee 
bagi eh ee 
NOTES: 
processor. 
2. The A25:24 pins support the additional features of the Intel386 CX Microprocessor; they are not present on the Intel386 


that was developed using the 8086 address “wraparound” 
the A20 address signal. A20M# should be deasserted during 
19 Byte High Enable indicates that the processor is transferring a 
high data byte. 
CLK2 
1. This pin supports the additional features of the Intel886 CX Microprocessor; it is not present on the Intel386 SX Micro- 
SX Microprocessor. 
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Table 2. Pin Descriptions (Continued) 


81-83, 86-90, | Data Bus inputs data during memory read, I/O read, and 
ee interrupt acknowledge cycles and outputs data during memory 
and I/O write cycles. 


Error indicates that the math coprocessor has an error 
condition. 

Float forces all bidirectional and output signals, including HLDA, 
to a high-impedance state. 


Bus Hold Acknowledge indicates that the CPU has 
surrendered control of its local bus to another bus master. 


Bus Hold Request allows another bus master to request control 
of the local bus. 


interrupt Request is a maskable input that causes the CPU to 
suspend execution of the current program and then execute an 
interrupt acknowledge cycle. 


Bus Lock prevents other system bus masters from gaining 
control of the system bus while it is active (low). 


Memory/IO indicates whether the current bus cycle is a memory 
cycle or an input/output cycle. When M/IO # is high, the bus 
cycle is a memory cycle; when M/IO # is low, the bus cycle is an 
I/O cycle. 


Cre ae eke ees Next Address requests address pipelining. 


NC 20, 27, 29-31 No Connection should always be left unconnected. Connecting 
a NC pin may cause the processor to malfunction or cause your 
application to be incompatible with future steppings of the 
device. 

Non-Maskable Interrupt Request is a non-maskable input that 
causes the CPU to suspend execution of the current program 
and execute an interrupt acknowledge function. 

37 Processor Extension Request indicates that the math 
coprocessor has data to transfer to the processor. 

READY # 7 Bus Ready indicates that the current bus cycle is finished and 
the external device is ready to accept more data from the 
processor. 


NOTES: 

1. This pin supports the additional features of the Intel886 CX Microprocessor; it is not present on the Intel386 SX Micro- 
processor. 

2. The A25:24 pins support the additional features of the Intel886 CX Microprocessor; they are not present on the Intel386 
SX Microprocessor. 
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Table 2. Pin Descriptions (Continued) 


eee 


asap RESET suspends any operation in progress and places the 
processor into a known reset state. 


SMI #(1) me System Management Interrupt invokes System 


Management Mode (SMM). SMI # is the highest priority 
os Pes 


interrupt. It is latched on its falling edge and it forces the 
sen RIE 


CPU into SMM upon completion of the current instruction. 
SMI # is recognized on an instruction boundary and at each 
iteration for repeat string instructions. SMI # cannot 
interrupt LOCKed bus cycles or a currently executing SMM. 
If the processor receives a second SMI # while it is in SMM, 
it will latch the second SMI # on the SMI # falling edge. 
However, the processor must exit SMM by executing a 
Resume instruction (RSM) before it can service the second 
8-10, 21, 32, 
39, 42, 48, 57, 
69, 71, 84, 91, 
97 
2,5,11-14, 22 | System Ground provides the OV connection from which all 
35, 41, 49-50, inputs and outputs are measured. 
63, 67-68, 
77-78, 85, 98 


SMI #. 


System Management Interrupt Active indicates that the 
processor is operating in System Management Mode 
(SMM). It is asserted when the processor initiates an SMM 
sequence and remains asserted (low) until the processor 
executes the Resume instruction (RSM). 


Write/Read indicates whether the current bus cycle is a 
write cycle or a read cycle. When W/R # is high, the bus 
cycle is a write cycle; when W/R # is low, it is a read cycle. 


System Power provides the nominal DC supply input. 


NOTES: 

1. This pin supports the additional features of the Intel386 CX Microprocessor; it is not present on the Intel386 SX Micro- 
processor. 

2. The A25:24 pins support the additional features of the Intel386 CX Microprocessor; they are not present on the Intel386 
SX Microprocessor. 


PRODUCT PREVIEW anf 


Intel386™ CX EMBEDDED MICROPROCESSOR 


3.0 DESIGN CONSIDERATIONS 


This section describes the Intel386 CX Microproces- 


sor’s instruction set and its component and. revision 
identifiers. 


3.1 Instruction Set 


The Intel886 CX Microprocessor uses the same in- 
struction set as the Intel386 SX Microprocessor with 
the following exceptions. 


The Intel886 CX Microprocessor has one new in- 
struction (RSM). This Resume instruction causes the 
processor to exit System Management Mode 
(SMM). RSM requires 338 clocks per instruction 
(CPI). 


The Intel386 CX Microprocessor requires more 
clock cycles than the Intel386 SX Microprocessor to 
execute some instructions. Table 3 lists these in- 
structions and the Intel386 CX Microprocessor CPI. 
For the equivalent Intel386 SX Microprocessor CPI, 
refer to the ‘Instruction Set Clock Count Summary” 
table in the /ntel386™ SX Microprocessor data 
sheet (order number 240187). 


3.2 Component and Revision 
identifiers 


To assist users, the microprocessor holds a compo- 
nent identifier and revision identifier in its DX register 
after reset. The upper 8 bits of DX hold the compo- 
nent identifier, 23H. (The lower nibble, 03H, identi- 
fies the Intel386 Architecture, while the upper nibble, 
02H, identifies the second member of the Intel386 
Microprocessor family.) 


The lower 8 bits of DX hold the revision level identifi- 
er. The revision identifier will, in general, chronologi- 
cally track those component steppings that are in- 
tended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track that of the Intel3886 CPU whenever possible. 
However, the revision identifier value is not guaran- 
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de- 
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. 
Intel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Intel386 CX Microprocessor is 09H. 
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Table 3. intel386™ CX Microprocessor Clocks Per Instruction 


Real Address Mode Protected Virtual 
1 
Virtual 8066 Modet”? or Virtual 8086 Mode Address Mode(3) 
POPA ed ee see Ss RPE eee tes Oh eT EY Be 
IN: : 
Fixed Port 27 14 7/29 
Variable Port 28 15 8/29 
OUT: 
Fixed Port 27 14 7/29 
Variable Port 28 15 9/29 
Eros We iele ede gs BU cya token ee NE 9/32 
SREP INS). > | 31 + 6n(2) 17 +6n(2) 10+ 6n/32+ 6n(2) 
REP OUTS. 30 + 8n(2) 16+ 8n(2) | 10+ 8n/31 + 8n(2) 
eT es aN SE aE ti a RD CARTE BT eee ee ac ee 


NOTES: 

1. The clock count values in this column apply if 1/O permission allows I/O to the port in virtual 8086 mode. If the I/O bit 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the “Instruction Set Clock 4 
Count Summary” table in the /nte/386™ SX Microprocessor data sheet (order number 240187). 

2. n = the number of times repeated. 

3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. 
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4.0 DC SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature .......... —65°C to’ 180°C 
Case Temperature Under Bias... —65°C to + 110°C 


Supply Voltage with Respect to Vss. . —0.5V to 6.5V 
Voltage on Other Pins ....... —0.5V to Voc + 0.5V 
OPERATING CONDITIONS* 
Digital Supply Voltage (Vcc) .......... 2.7V to 5.5V 
Case Temperature 

Under Bias (Toase) =. <n esi vaws 0°C to 100°C 
Operating Frequency (Fosc) ..... 0 MHz to 25 MHz 


intel. 


NOTICE: This document contains information on 
products in the design phase of development. Do not 
finalize a design with this information. Revised infor- 
mation will be published when the product is avail- 
able. Verify with your local Intel Sales office that you 
have the latest data sheet before finalizing a design. 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


Table 4. DC Characteristics 


rye CLK2 Input Low /CLK2InputLow Voltage 


OL Output Low Voltage 
lo. = 2mA 
lo. = 0.5 mA 


Output High Voltage 
lon = —0.5mA 
lon = —0.1 mA 


Input Leakage Current 
(for all pins except PEREQ, BUSY #, 
FLT#, ERROR#, A20M#, SMI#) 


lu 


Input Leakage Current 
(BUSY #, FLT#, ERROR#, A20M#, 
and SMI#) 


NOTES: 
1. PEREQ input has an internal weak pull-down resistor. 


[Symooi| parameter =i wn Max [Unt] TestCondtion 
Cao Se GS RT OS ne Ra 
Cs Seen aa ae CoE 

Os EY SSD 


VIHC CLK2 Input High Voltage =e — 0.6 | Voc + 0.3 Voc = 2.7V to 3.6V 
Voc — 0.8 | Voc + 0.3 Voc = 4.5V to 5.5V 


BGik eee 
Input Leakage Current BA | Vin = 2.2V, Voc = 2.7V 

(PEREQ) BWA | Vin = 5.4V, Voc = 5.5V(1) 

= 120 BA | Vit = 0.45V, Voc = 5.5V 

=—T30 BA | Vit = 0.1V, Voc = 5.5V 


| +08 | 


Voc = 2.7V to 5.5V 
Voc = 2.7V to 3.6V 


(Note 2) 


2. BUSY #, FLT#, SM|#, A20M and ERROR # inputs each have an internal weak pull-up resistor. 
3. Iocg max and Iccr max measurement at worst-case frequency, Vcc and temperature, with 50 pF output load. 
4. Icc typ and Iccr typ are measured at nominal Vcc and are not fully tested. 


5. Not fully tested. 
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Table 4. DC Characteristics (Continued) 


Parameter 


7a Output Leakage Current 


ILo 
loc 
Cin 


Supply Current 
CLK2 = 50 MHz, CLK = 25 MHz 
CLK2 = 40 MHz, CLK = 20 MHz 
CLK2 = 24 MHz, CLK = 12 MHz 


Standby Current (Freeze Mode) 
CLK2 = 50 MHz, CLK = 25 MHz 
CLK2 = 40 MHz, CLK = 20 MHz 


CLK2 = 24 MHz, CLK = 12 MHz 


Input Capacitance 


Output or |/O Capacitance 
CLK2 Capacitance 


NOTES: 
1. PEREQ input has an internal weak pull-down resistor. 


(Notes 3, 4) 
typ = 210 mA 
typ = 120 mA 
typ = 70mA 


(Notes 3, 4) 

locr typ = 20 pA, Voc = 5V 
locr typ = 10 pA, Voc = 3.3V 
IocF typ = 10 pA, Voc = 3V 


2. BUSY #, FLT#, SMI#, A20M and ERROR # inputs each have an internal weak pull-up resistor. 
3. Ico max and Iccr max measurement at worst-case frequency, Voc and temperature, with 50 pF output load. 
4. loc typ and Iccr typ are measured at nominal Voc and are not fully tested. 


5. Not fully tested. 


5.0 AC SPECIFICATIONS 


Table 5 lists output delays, input setup requirements, 
and input hold requirements. All AC specifications 
are relative to the CLK2 rising edge crossing the 
Voc/2 level. 


Figure 3 shows the measurement points for AC 
specifications. Inputs must be driven to the indicated 
voltage levels when AC specifications are mea- 
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini- 
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified as 
minimums, defining the smallest acceptable sam- 
pling window. Within the sampling window, a syn- 
chronous input signal must be stable for correct op- 
eration. 


PRODUCT PREVIEW 


Outputs ADS#, W/R#, D/C#, MI/O#, LOCK#, 
BHE#, BLE#, A25:1, HLDA and SMI_ACT# 
change only at the beginning of phase one. D15:0 
(write cycles) change only at the beginning of phase 
two. 7 


The READY #, HOLD, BUSY #, ERROR#, PEREQ, 
FLT#, A20M# and D15:0 (read cycles) inputs are 
sampled at the beginning of phase one. The NA#, 
INTR, SMI# and NMI inputs are sampled at the be- 
ginning of phase two. 
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CLK2 


OUTPUTS 

(A25:1 ,BHE# 
BLE#,ADS#,M/lO# 
D/C#W/R#,LOCK# 
HLDA, SMI_ACT#) 


OUTPUTS 
(D15:0) 


INPUTS 
(N/A#,INTR 
NMI,SMI#) 


INPUTS 
(READY#,HOLD 
FLT#,ERROR# 
BUSY#,PEREQ 
D15:0,A20M#) 


LEGEND 
a - Vec/2 


Polio Max 
SK ouput ne 


A 


Valid Valid . 
Output nK\ Output n+1 
D 


C 
AS cae 
oN 
VIL Max Input AN 
C D 
i Me WUE RSS 


A - Maximum Output Delay Spec 
B - Minimum Output Delay Spec 
C - Minimum Input Setup Spec 
D - Minimum Input Hold Spec 
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Figure 3. Drive Levels and Measurement Points for AC Specifications 
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Table 5. AC Characteristics 


20 MHz 12 MHz 
3.0V to 3.6V 2.7V to 3.3V 
Parameter 
Max 
(ns) 


Test 


ai if 
Ka 


E-teg Conditions(1) 
|__| Operating Frequency | 0 | 25 | o | 20 | o | 125 [mre 
PR eet sl ee ee 

CLK2 High Time 7 at Vcc — 0.8V for HV, 
at Vcc — 0.6V for LV(3) 
CLK2 Fall Time Fi Voc — 0.8V to 0.8V for HV, 
Voc — 0.6V to 0.8V for LV(S) 
CLK2 Rise Time 4 0.8V to Vcc — 0.8V for HV, 
0.8V to Voc — 0.6V for LV(S) 
NOTES: 
1. Throughout this table, HV refers to devices operating with Vcc = 4.5V to 5.5V. LV refers to devices operating with Voc 
= 2.7V to 3.6V. 
2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 
3. These are not tested. They are guaranteed by characterization. 
4. Tested with C, set at 50 pF. For the LV products, the t6 and t12 timings are guaranteed by design characterization with 
Cy. set at 120 pF and all other Note 4 timings are guaranteed with C, set at 75 pF. 
5. Float condition occurs when maximum output current becomes less than Io in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Table 5. AC Characteristics (Continued) 
3.0V to 3.6V 2.7V to 3.3V Test 
Max Conditions(1) 
Ae 
: 
| CL = 50 pt) | 


CL = 50 pF(4) 


17 
(Note 5) 
(Note 5) 


C, = 50 pF(4) 
(Note 5) 
C, = 50 pF(4) 


t21 D15:0 Read Setup Time 


NOTES: , 

1. Throughout this table, HV refers to devices operating with Voc = 4.5V to 5.5V. LV refers to devices operating with Voc 
= 2.7V to 3.6V. 

2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 

3. These are not tested. They are guaranteed by characterization. 

4. Tested with C, set at 50 pF. For the LV products, the t6 and t12 timings are guaranteed by design characterization with 
C. set at 120 pF and all other Note 4 timings are guaranteed with C,_ set at 75 pF. 

5. Float condition occurs when maximum output current becomes less than |_o in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Table 5. AC Characteristics (Continued) 


20 MHz 
3.0V to 3.6V 
Parameter 
Max 


[aa | 016.0 Read td Tine 
[es | HOLDSeup Tine 
[et [ HOLDHoldTime 
[as | RESET Setup Tino 
[ee | RESETHo Tine 
. 

ca 
ese 


Test 


Max Conditions(1) 


~~ 
=] 
A 

eee 


N 


SMI# Setup Time 


NMI, INTR Hold Time 
SMI # Hold Time 
PEREQ, ERROR #, 


BUSY #, FLT # Setup 
Time 


PEREQ, ERROR #, 
BUSY #, FLT # Hold 
Time 


-~ 
| 
# 

—_ 


fey 
Seat 
Pers 
Se 
eae 
Po Te SINGB a 
A 
Pec» 
Batis 2 


(Note 6) 
NOTES: 


1. Throughout this table, HV refers to devices operating with Vcc = 4.5V to 5.5V. LV refers to devices operating with Voc 
= 2.7V to 3.6V. 

2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 

3. These are not tested. They are guaranteed by characterization. 

4. Tested with C, set at 50 pF. For the LV products, the t6 and t12 timings are guaranteed by design characterization with 
C, set at 120 pF and all other Note 4 timings are guaranteed with C, set at 75 pF. 

5. Float condition occurs when maximum output current becomes less than Io in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Figure 4. AC Test Loads 
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A= Vcc -.8 for Vcc = 4.5 - 5.5, Vcc -.6 for Vcc = 2.7 - 3.6 
B = Vcc/2 
C=.8V 
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Figure 5. CLK2 Waveform 
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Figure 6. AC Timing Waveforms—Input Setup and Hold Timing 
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‘6 [Min] Max | 
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"2 [Min] Max 


(output Valid n YY Valid n+t 


HLDA 


A25:1 
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Figure 7. AC Timing Waveforms—Output Valid Delay Timing 
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TlorT1 


BHE#, BLE# 
LOCK# 


W/R#, M/lO# 
D/C#, ADS# 


t~3 Also applies to data float when write 
cycle is followed by read or idle. 


"iT AY 


Figure 8. AC Timing Waveforms—Output Float Delay and HLDA Valid Delay Timing 


14 


272418-8 


=<——- Reset | Initialization Sequence —-—-___—-—-—> 


PHZ or PH1 PH2 or PH1 PH2 PH1 
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. Figure 9. AC Timing Waveforms—RESET Setup and Hold Timing and Internal Phase 
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Intel386™ EX 
EMBEDDED MICROPROCESSOR 


Static Intel386™ CPU Core m Integrated Memory Management Unit 
— Low Power Consumption — Virtual Memory Support 
— Operating Power Supply — Optional On-Chip Paging 
2.7V to 5.5V — 4 Levels of Hardware-Enforced 
— Operating Frequency Protection 
16 MHz at 2.7V to 3.3V; — MMU Fully Compatible with Those of 
20 MHz at 3.0V to 3.6V; the 80286 and Intel386 DX 
25 MHz at 4.5V to 5.5V Processors 
Transparent Power-Management @ Virtual 8086 Mode Allows Execution of 
System Architecture 8086 Software in a Protected and 
— Intel System Management Mode Paged System 
Architecture Extension for Truly m Large Uniform Address Space 
Compatible Systems a: 
64 Megabyte Physical 
— Power Management Transparent to — 
; Applicati 64 Terabyte Virtual 
savas Systems and Application — 4 Gigabyte Maximum Segment Size 
— Programmable Power-Management mw Numerics Support with Intel387™ SX 
Modes and Intel387 SL Math Coprocessors 
Powerdown Mode = On-Chip Debugging Support Including 
— Clock Stopping at Any Time Breakpoint Registers 
— Only 10-20 A Typical CPU Sink m Complete System Development 
Current Support 
Full 32-Bit Internal Architecture mw High Speed CHMOS Technology 
— 8-, 16-, 32-Bit Data Types m= Two Package Types 
— 8 General Purpose 32-Bit Registers — 132-Pin Plastic Quad Flatpack 
Runs Intel386 Architecture Software in — 144-Pin Thin Quad Flatpack 
a Cost Effective 16-Bit Hardware 
Environment @ Integrated Peripheral Functions 


— Runs Same Applications and 
Operating Systems as the Intel386 
SX and Intel386 DX Processors 

— Object Code Compatible with 8086, 
80186, 80286, and Intel386 
Processors 


High Performance 16-Bit Data Bus 

— Two-Clock Bus Cycles 

— Address Pipelining Allows Use of 
Slower, Inexpensive Memories 


— Clock and Power Management Unit 
— Chip Select Unit 

— Interrupt Control Unit 

— Timer/Counter Unit 

— Watchdog Timer Unit 

— Asynchronous Serial |/O Unit 
— Synchronous Serial I/O Unit 
— Parallel |/O Unit 

— DMA and Bus Arbiter Unit 

— Refresh Control Unit 

— JTAG Boundary Scan Unit 


The Intel386 EX Embedded Microprocessor is a highly integrated, 32-bit fully static CPU optimized for embed- 
ded control applications. With a 16-bit external data bus, a 26-bit external address bus, and Intel’s System 
Management Mode (SMM), the Intel386 EX brings the vast software library of Intel386 architecture to embed- 
ded systems. It provides the performance benefits of 32-bit programming with the cost savings associated with 
16-bit hardware systems. 
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Figure 1. Intel386™ EX Microprocessor Block Diagram 
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1.0 PIN ASSIGNMENT 


2/GCS2# 
1/GCS1# 
0/GCSO# 


132 -——> P2.7/CTSO# 


118 ——> DRQ1/RXD1 
117 ——> DRQO/DCD1# 


101 -— P1.1/RTSO# 
100 ———> P1.0/DCDO0# 


FLT# 
DSR1/STXCLK 
VSS 
INT7/TMRGATE1 


BUSY#/TMRGATE2 
ge merle 


NMI 
PEREQ/TMRCLK2 
Vcc 
P3.7/COMCLK 
P3.6/PWRDOWN 


1 
2 
3 
4 
5 
6 
Z 
8 
9 


TOP VIEW 


P3.2/INTO 
RTS1#/SSIOTX 
RI1#/SSIORX 
DTR1#/SRXCLK 
TCK 


BHOGHOTTIST TECH OVOHHH HOH BDOOOOOD 
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Figure 2. Intel386™ EX Microprocessor 132-Pin PQFP Pin Assignment 
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Table 1. 132-Pin PQFP Pin Assignment 
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Figure 3. Intel386™ EX Microprocessor 144-Pin TQFP Pin Assignment 
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Table 2. 144 Pin TQFP Pin Assignment 
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2.0 PIN DESCRIPTIONS 


Table 3 lists the Intel886 EX microprocessor pin descriptions. The following definitions are used in the pin 
descriptions: 3 


a The named signal is active low. 

| Standard CMOS Input signal. 

O Standard CMOS Output signal. 

I/O Input and Output signal. 

|/OD_ Input and Open-Drain Output signal. 
ST  Schmitt-Triggered Input signal. 

P Power pin. 

G Ground pin. 


Table 3. Intel386™ EX Microprocessor Pin Descriptions 


Symbol] type | Naieana rime 


Address Bus outputs physical memory or port |/O addresses. These signals are 
-valid when ADS # is active and remain valid until the next T1, T2P, or Ti. During 

HOLD cycles they are driven to a high-impedance state. A18:16 are multiplexed with 
CAS2:0. 


Address Status indicates that the processor is driving a valid bus-cycle definition 
and address (W/R#, D/C#, M/IO#, A25:1, BHE#, BLE #) onto its pins. 


|BHE# | O | Byte High Enable indicates that the processor is transferring a high data byte. 
Byte Low Enable indicates that the processor is transferring a low data byte. 
Bus Size indicates that an 8-bit device is currently being addressed. 


Busy indicates that the math coprocessor is busy. If BUSY # is sampled low at the 
falling edge of RESET, the processor performs an internal self test. BUSY # is 
multiplexed with TMRGATE2. 


Cascade Address carries the slave address information from the 8259A master 
interrupt module during interrupt acknowledge bus cycles. CAS2:0 are multiplexed 
with A18:16. 


Clear to Send 1 and 0 prevent the transmission of data to the asynchronous serial 
port’s RXD1 and RXDO pin, respectively. CTS1 # is multiplexed with EOP #, and 
CTSO# is multiplexed with P2.7. CTS1# requires an external pull-up resistor. 
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Table 3. Intel386™ EX Microprocessor Pin Descriptions (Continued) 


| Symbot_| Type | NameandFunction 


D15:0 1/0 Data Bus inputs data during memory read, |/O read, and interrupt acknowledge 
cycles and outputs data during memory and |/O write cycles. During writes, this bus 

DACK1:0 DMA Acknowledge 1 and 0 signal to an external device that the processor has 
acknowledged the corresponding DMA request and is relinquishing the bus. DACK1 
is multiplexed with TXD1, and DACKO is multiplexed with GCS5 #. 


is driven during phase 2 of T1 and remains active until phase 2 of the next T1, T1P, 
D/C# Data/Control indicates whether the current bus cycle is a data cycle (memory or 
1/O read or write) or a control cycle (interrupt acknowledge, halt, or code fetch). 


DMA External Request 1 and 0 indicate that a peripheral requires DMA service. 
DRQ1 is multiplexed with RXD1, and DRQO is multiplexed with DCD1 #. 

DSR1:0# Data Set Ready SIO1 and SI00 indicate that the modem or data set is ready to 
establish a communication link with the corresponding asynchronous serial channel. 
DSR1 # is not multiplexed; DSRO # is multiplexed with P1.3. 

DTR1:0# 
modem or data set. DTR1 # is multiplexed with SRXCLK, and DTRO# is multiplexed 
with P1.2. 

EOP # |/OD | End of Process indicates that the processor has reached terminal count during a 
DMA transfer. An external device can also pull this pin low. EOP # is multiplexed 
with CTS1 #. 

ERROR # Error indicates that the math coprocessor has an error condition. ERROR # is 
multiplexed with TMROUT2. 

FLT # Float forces ail bidirectional and output signals, including HLDA, to a high- 
impedance state. 
with DACKO, and GCS4:0# are multiplexed with P2.4:0. 

Bus Hold Acknowledge indicates that the processor has surrendered control of its 
local bus to another bus master. HLDA remains active until HOLD is deasserted. 
HLDA is multiplexed with P1.7. 

Bus Hold Request allows another bus master to request control of the local bus. 


or Ti. During reads, data is latched on the falling edge of phase 2. 

eee Data Carrier Detect SIO1 and SIO0 indicate that the modem or data set has 
detected the corresponding asynchronous serial channel’s data carrier. DCD1 # is 
Data Terminal Ready SiO1 and SIO0 indicate that the corresponding 
General Chip Selects are activated when the address of a memory or I/O bus 
HLDA active indicates that bus control has been granted. HOLD is multiplexed with 


multiplexed with DRQO, and DCDO # is multiplexed with P1.0. 

DRQ1:0 ve 
asynchronous serial channel is ready to establish a communication link with the 
cycle is within the address region programmed by the user. GCS5 # is multiplexed 
P1.6. ' 
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Table 3. Intel386™ EX Microprocessor Pin Descriptions (Continued) 


[symbol | type | Name and Function 

INT7:0 interrupt Requests are maskable inputs that cause the CPU to suspend 
execution of the current program and then execute an interrupt acknowledge 
cycle. They are multiplexed as follows: INT7 with TMRGATE1, INT6 with 
TMRCLK1, INT5 with TMRGATEO, INT4 with TMRCLKO, and INT3:0 with P3.5:2. 

LCS# Lower Chip Select is activated when the address of a memory or I/O bus cycle is 
within the address region programmed by the user. LCS # is inactive after reset. 

LOCK # Bus Lock prevents other bus masters from gaining control of the system bus. 
LOCK # is multiplexed with P1.5. 


M/IO# Memory/IO Indicates whether the current bus cycle is a memory cycle or an |/O 
cycle. When M/IO # is high, the bus cycle is a memory cycle; when M/IO # is low, 
the bus cycle is an I/O cycle. 


eee ae Next Address requests address pipelining. 


Non-Maskable Interrupt Request is a non-maskable input that causes the CPU 
to suspend execution of the current program and execute an interrupt 
acknowledge cycle. 


Processor Extension Request indicates that the math coprocessor has data to 
transfer to the processor. PEREQ is multiplexed with TMRCLkK2. 


PHCLK Peripheral Clock represents the processor’s internal operating frequency. The 
PHCLK frequency decreases when the processor is in power save mode. 

P1.7:0 1/0 Port 1, Pins 7:0 are multipurpose bidirectional port pins. They are multiplexed as 
follows: P1.7 with HLDA, P1.6 with HOLD, P1.5 with LOCK #, P1.4 with RIO#, 
P1.3 with DSRO#, P1.2 with DTRO#, P1.1 with RTSO#, and P1.0 with DCDO#. 

P2.7:0 1/0 Port 2, Pins 7:0 are multipurpose bidirectional port pins. They are multiplexed as 
follows: P2.7 with CTSO#, P2.6 with TXDO, P2.5 with RXDO, and P2.4:0 with 
GCS4:0#. 

P3.7:0 1/0 Port 3, Pins 7:0 are multipurpose bidirectional port pins. They are multiplexed as 
follows: P3.7 with COMCLK, P3.6 with PWRDOWN, P3.5:2 with INT3:0, and 
P3.1:0 with TMROUT 1:0. 


PWRDOWN Powerdown indicates that the processor is in powerdown mode. PWRDOWN is 
oe with P3.6. 


Read Enable indicates that the current bus cycle is a read cycle. 


foe — Ready indicates that the current bus transaction has completed. An external 
device or an internal signal can drive READY #. Internally, the chip-select wait- 
state logic can generate the ready signal and drive the READY # pin active. 
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Table 3. Intel386™ EX Microprocessor Pin Descriptions (Continued) 


[symbol | Type 


RESET Reset suspends any operation in progress and places the processor into a 
known reset state. 
RFSH # Ke Refresh indicates that the current bus cycle is a refresh cycle. 


RI1:0# Ring Indicator SIO1 and SIO0 indicate that the modem or data set has received 
a telephone ringing signal. RI1 # is multiplexed with SSIORX, and RI0 # is 
multiplexed with P1.4. | 

RTS1:0# Request-to-Send SIO1 and SIO0 indicate that corresponding asynchronous 
serial channel is ready to exchange data with the modem or data set. RTS1 # is 
multiplexed with SSIOTX, and RTSO# is multiplexed with P1.1. 


RXD1:0 


SMI_ACT # 


SRXCLK 


Receive Data SIO1 and SIO0O accept serial data from the modem or data set to 
the corresponding asynchronous serial channel. RXD1 is multiplexed with DRQ1, 
and RXD0 is multiplexed with P2.5. 


System Management Interrupt invokes System Management Mode (SMM). 
SMI # is the highest priority interrupt. It is latched on its falling edge and it forces 


the CPU into SMM upon completion of the current instruction. SMI # is 
recognized on an instruction boundary and at each iteration for repeat string 
instructions. SMI # cannot interrupt LOCKed bus cycles or a currently executing 
SMM. If the processor receives a second SMI # while it is in SMM, it will latch the 


second SMI # on the SMI # falling edge. However, the processor must exit SMM 
by executing a Resume instruction (RSM) before it can service the second SMI#. 


System Management Interrupt Active indicates that the processor is operating 
in System Management Mode (SMM). It is asserted when the processor initiates 
an SMM sequence and remains asserted (low) until the processor executes the 
Resume instruction (RSM). 


SSIO Receive Clock synchronizes data being accepted by the synchronous 
serial port. SSIORX is multiplexed with DTR1 #. ; 
STXCLK SSIO Transmit Clock synchronizes data being sent by the synchronous serial 
port. STXCLK is multiplexed with DSR # 1. 

SSIORX SSIO Receive Serial Data accepts serial data (most-significant bit first) being 
sent to the synchronous serial port. SSIORX is multiplexed with R11 #. 

SSIOTX SSIO Transmit Serial Data sends serial data (most-significant bit first) from the 
synchronous serial port. SSIOTX is multiplexed with RTS1 #. 

TCK JTAG TAP (Test Access Port) Controller Clock provides the clock input for the 
JTAG logic. | 

TDI JTAG TAP (Test Access Port) Controller Data Input is the serial input for test 
instructions and data. 


ST 
ST 
I/O 
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Table 3. intel386™ EX Microprocessor Pin Descriptions (Continued) 


| Symbol | Type | Name and Function 


TDO JTAG TAP (Test Access Port) Controller Data Output is the serial output for 
test instructions and data. 
TMRCLK2:0 me 


Timer/Counter Clock Inputs can serve as external clock inputs for the 
TMRGATE2:0 ae 


corresponding timer/counters. (The timer/counters can also be clocked 
internally.) TMRCLK2 is multiplexed with PEREQ; TMRCLK1, with INT6; and 
TMRCLKO, with INT4. 


Timer/Counter Gate Inputs can control the corresponding timer/counter’s 
counting (enable, disable, or trigger, depending on the programmed mode). 

(Alternatively, a Vcc pin can serve this function.) TARGATE2 is multiplexed with 
BUSY #; TMRGATE1, with INT7; and TMRGATEO, with INT5. 


Timer/Counter Outputs provide the output of the corresponding timer/ 
counter. The form of the output depends on the programmed mode. TMROUT2 
is multiplexed with ERROR #; TMROUT1, with P3.1; and TMROUTO, with P3.0. 


Transmit Data SSIO1/SSIO0 transmits serial data from the individual serial 
channel. TXD1 is multiplexed with DACK1 and TXDO is multiplexed with P2.6. 


Upper Chip Select is activated when the address of a memory or I/O bus cycle 
is within the address region programmed by the user. 

Voc System Power provides the nominal DC supply input. Connected externally to 
a Vcc board plane. 


Vss G System Ground provides the OV connection from which all inputs and outputs 
are measured. Connected externally to a ground board plane. 


WDTOUT Watchdog Timer Output indicates that the watchdog timer has expired. 


Write/Read indicates whether the current bus cycle is a write cycle or a read 
cycle. When W/R # is high, the bus cycle is a write cycle; when W/R # is low, 
the bus cycle is a read cycle. 


Write Enable indicates that the current bus cycle is a write cycle. 
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3.0 FUNCTIONAL DESCRIPTION 


The Intel3886 EX microprocessor is a fully static, 32- 
bit processor optimized for embedded applications. 
It features low power and low voltage capabilities, 
integration of many commonly used DOS-type pe- 
ripherals, and a 32-bit programming architecture 
compatible with the large software base of Intel386 
processors. The following sections provide an over- 
view of the integrated peripherals. 


3.1 Clock Generation and Power 
Management Unit 


The clock generation circuit includes a divide-by-two 
counter, a programmable divider for generating a 
prescaled clock (PSCLKk), a divide-by-three counter 
for generating baud rate clock inputs, a power-save 
clock divider circuit, and Reset circuitry. The CLK2 
input provides the fundamental timing for the chip. It 
is divided by two internally to generate a 50% duty 
cycle Phase1 (PH1) and Phase 2 (PH2) for the core 
and integrated peripherals. For power management, 
separate clocks are routed to the core (PH1C/ 
PH2C) and the peripheral modules (PH1P/PH2P). 


Three Power Management modes are provided for 
flexible power-saving options. During Idle mode, the 
clocks to the CPU core are frozen in a known state 
(PH1C low and PH2C high), while the clocks to the 
peripherals continue to toggle. In Powerdown mode, 
the clocks to both core and peripherals are frozen in 
a known state (PH1C low and PH2C high). The Bus 
Interface Unit will not honor any DMA, DRAM re- 
fresh, or HOLD requests in Powerdown mode be- 
cause the clocks to the entire device are frozen. In 
Power-save mode, a programmable divider decreas- 
es the frequency of the incoming CLK2 signal. Al- 
lowable clock division settings are 1, 2, 4, 8, 16, 32, 
and 64 (divide-by-1 has no effect). Once Power-save 
is enabled, the core and peripherals continue to run 
at the divided clock rate. The prescaled clock 
(PSCLK) and the baud input clock do not change 
frequency in Power-save mode. 
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3.2 Chip Select Unit 


The Chip Select Unit (CSU) decodes bus cycle ad- 
dress and status information and enables the appro- 
priate chip-selects. The individual chip-selects be- 
come valid in the same bus state as the address and 
become inactive when either a new address is se- 
lected or the current bus cycle is complete. 


The CSU is divided into eight separate chip-select 
regions, each of which can enable one of the eight 
chip-select pins. Each chip-select region can be 
mapped into memory or I/O space. A memory- 
mapped chip-select region can start on any 2" Kbyte 
address location (where n = 0-22, depending upon 
the mask register). An |/O-mapped chip-select re- 
gion can start on any 2" word address location 
(where n = 0-15, depending upon the mask regis- 
ter). The size of the region is also dependent upon 
the mask used. 


3.3 Interrupt Control Unit 


The Intel386 EX microprocessor’s Interrupt Control 
Unit (ICU) contains two 8259A modules connected 
in a cascade mode. The 8259A modules make up 
the heart of the ICU. These modules are similar to 
the industry-standard 8259A architecture. 


The Interrupt Control Unit directly supports up to 
eight external (INT7:0) and up to eight internal 
(IR7:0) interrupt request signals. Pending interrupt 
requests are posted in the Interrupt Request Regis- 
ter, which contains one bit for each interrupt request 
signal. When an interrupt request is asserted, the 
corresponding Interrupt Request Register bit is set. 
The 8259A module can be programmed to recog- 
nize either an active-high level or a positive tran- 
sition on the interrupt request lines. An internal Prior- 
ity Resolver decides which pending interrupt request 
(if more than one exists) is the highest priority, 
based on the programmed operating mode. The Pri- 
ority Resolver controls the single interrupt request 
line to the CPU. The Priority Resolver’s default priori- 
ty scheme places IRO as the highest priority and IR7 
as the lowest. The priority can be modified through 
software. 
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Besides the eight interrupt request inputs available 
to the Intel886 EX microprocessor, additional inter- 
rupts can be supported by cascaded external 8259A 
modules. Up to four external 8259A units can be 
cascaded to the master through connections to the 
INT3:0 pins. In this configuration, the interrupt ac- 
knowledge (INTA#) signal can be decoded exter- 
nally using the ADS#, D/C#, R/W#, and M/lO# 
signals. 


3.4 Timer/Counter Unit 


The Timer/Counter unit on the Intel386 EX micro- 
processor has the same basic functionality as the 
industry-standard 82C54 counter/timer. It provides 
three independent 16-bit counters, each capable of 
handling clock inputs up to 8 MHz. This maximum 
frequency must be considered when programming 
the input clocks for the counters. Six programmable 
timer modes allow the timers to be used as event 
counters, elapsed-time indicators, programmable 
one-shots, and in many other applications. All 
modes are software programmable. 


3.5 Watchdog Timer Unit 


The Watchdog Timer (WDT) unit consists of a 32-bit 
down-counter that decrements every PH1P cycle, al- 
lowing up to 4.3 billion count intervals. The 
WDTOUT pin is driven high for sixteen CLK2 cycles 
when the down-counter reaches zero (the WDT 
times out). The WDTOUT signal can be used to re- 
set the chip, to request an interrupt, or to indicate to 
the user that a ready-hang situation has occurred. 
The down-counter can also be updated with a user- 
defined 32-bit reload value under certain conditions. 
Alternatively, the WDT unit can be used as a bus 
monitor or as a general-purpose timer. 
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3.6 Asynchronous Serial I/O Unit 


The Intel386 EX microprocessor’s asynchronous se- 
rial |1/O (SIO) unit is a Universal Asynchronous Re- 
ceiver/ Transmitter (UART). Functionally, it is equiv- 
alent to the National Semiconductor NS16450 and 
INS8250. The Intel386 EX microprocessor contains 
two asynchronous serial channels. 


The SIO unit converts serial data characters re- 
ceived from a peripheral device or modem to parallel 
data and converts parallel data characters received 
from the CPU to serial data. The CPU can read the 
status of the serial port at any time during its opera- 
tion. The status information includes the type and 
condition of the transfer operations being performed 
and any errors (parity, framing, overrun, or break in- 
terrupt). 


Each asynchronous serial channel includes full mo- 
dem control support (CTS#, RTS#, DSR#, DTR#, 
RI#, and DCD#) and is completely programmable. 
The programmable options include character length 
(5, 6, 7, or 8 bits), stop bits (1, 1.5, or 2), and parity 
(even, odd, forced, or none). In addition, it contains a 
programmable baud rate generator capable of DC to 
512 Kbaud. 


3.7 Synchronous Serial I/O Unit 


The Synchronous Serial |/O (SSIO) unit provides for 
simultaneous, bidirectional communications. It con- 
sists of a transmit channel, a receive channel, and a 
dedicated baud rate generator. It is compatible with 
several popular synchronous protocols. The transmit 
and receive channels can be operated independent- 
ly (with different clocks) to provide non-lockstep, full- 
duplex communications; either channel can originate 
the clocking signal (Master Mode) or receive an ex- 
ternally generated clocking signal (Slave Mode). 


The SSIO provides numerous features for ease and 
flexibility of operation. With a maximum clock input 
of 20 MHz to the baud rate generator, the SSIO can 
deliver a baud rate of 5 Mbits per second. Each 
channel is double buffered. The two channels share 
the baud rate generator and a multiply-by-four trans- 
mit and receive clock. The SSIO supports 16-bit seri- 
al communications with independently enabled 
transmit and receive functions and gated interrupt 
outputs to the interrupt controller. 
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3.8 Parallel 1/O Unit 


The Intel886 EX microprocessor has three 8-bit, 
general-purpose |/O ports. All port pins are bidirec- 
tional, with CMOS-level input and outputs. All pins 
have both a standard operating mode and a periph- 
eral mode (a multiplexed function), and all have simi- 
lar sets of control registers located in |/O address 
space. Ports 1 and 2 provide 8 mA of drive capabili- 
ty, while port 3 provides 16 mA. 


3.9 DMA and Bus Arbiter Unit 


The Intel886 EX microprocessor’s DMA controller is 
a two-channel DMA; each channel operates inde- 
pendently of the other. Within the operation of the 
individual channels, several different data transfer 
modes are available. These modes can be com- 
bined in various configurations to provide a very ver- 
satile DMA controller. Its feature set has enhance- 
ments beyond the 8237 DMA family; however, it can 
be configured such that it can be used in an 8237- 
like mode. Each channel can transfer data between 
any combination of memory and I/O with any combi- 
nation (8 or 16 bits) of data path widths. An internal 
temporary register that can disassemble or assem- 
ble data to or from either an aligned or a nonaligned 
destination or source optimizes bus bandwidth. 


The bus arbiter, a part of the DMA controller, works 
much like the priority resolving circuitry of a DMA. It 
receives service requests from the two DMA chan- 
nels, the external bus master, and the DRAM Re- 
fresh controller. The bus arbiter requests bus owner- 
ship from the core and resolves priority issues 
among all active requests when bus mastership is 
granted. 


4-34 


z 1 
intel. 
Each DMA channel consists of three major compo- 
nents: the Requestor, the Target, and the Byte 
Count. These components are identified by the con- 
tents of programmable registers that define the 
memory or I/O device being serviced by the DMA. 
The Requestor is the device that requires and re- 
quests service from the DMA controller. Only the 
Requestor is considered capable of initializing or ter- 
minating a DMA process. The Target is the device 
with which the Requestor wishes to communicate. 
The DMA process considers the Target a slave that 
is incapable of controlling the process. The Byte 
Count dictates the amount of data that must be 
transferred. 


3.10 Refresh Control Unit 


The Refresh Control Unit (RCU) simplifies dynamic 
memory controller design with its integrated address 
and clock counters. Integrating the RCU into the 
processor allows an external DRAM controller to 
use chip-selects, wait state logic, and status lines. 


The Intel386 EX microprocessor’s RCU consists of 
four basic functions. First, it provides a programmable- 
interval timer that keeps track of time. Second, it 
provides the bus arbitration logic to gain control of 
the bus to run refresh cycles. Third, it contains the 
logic to generate row addresses to refresh DRAM 
rows individually. And fourth, it contains the logic to 
signal the start of a refresh cycle. 


Additionally, it contains a 13-bit address counter that 
forms the refresh address, supporting DRAMs with 
up to 13 rows of memory cells (13 refresh address 
bits). This includes all practical DRAM sizes for the 
Intel386 microprocessor’s 64 Mbyte address space. 
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3.11 JTAG Boundary Scan Unit 


The JTAG Boundary Scan Unit provides access to 
the device pins and to a number of other testable 
areas on the device. It is fully compliant with the 
IEEE 1149.1 standard and thus interfaces with five 
JTAG-dedicated pins: TRST#, TCK, TMS, TDI, and 
TDO. It contains the Test Access Port (TAP) finite- 
state machine, a 4-bit instruction register, a 32-bit 
identification register, a single-bit bypass register, 
and an 8-bit test mode register. The JTAG unit also 
contains the necessary logic to generate clock and 
control signals for the chains that reside outside the 
JTAG unit itself: the SCANOUT and Boundary Scan 
chains. 


Since the JTAG unit has its own clock and reset 
signals, it can operate autonomously. Thus, while 
the rest of the microprocessor is in Reset or Power- 
down, the JTAG unit can read or write various regis- 
ter chains. This feature can be used, for example, to 
write to the test mode register while the rest of the 
chip is in Reset or Powerdown. Then when the mi- 
croprocessor exits Reset or Powerdown, it will enter 
the specified test mode. 


4.0 DESIGN CONSIDERATIONS 


This section describes the Intel386 EX microproces- 
sor’s instruction set and its component and revision 
identifiers. . 


4.1 Instruction Set 


The Intel886 EX microprocessor uses the same in- 
struction set as the Intel886 SX microprocessor with 
the following exceptions. 
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The Intel386 EX microprocessor has one new in- 
struction (RSM). This Resume instruction causes the 
processor to exit System Management Mode 
(SMM). RSM requires 338 clocks per instruction 
(CPI). 


The Intel386 EX microprocessor requires more clock 
cycles than the Intel386 SX microprocessor to exe- 
cute some instructions. Table 4 lists these instruc- 
tions and the Intel386 EX microprocessor CPI. For 
the equivalent Intel386 SX microprocessor CPI, refer 
to the “Instruction Set Clock Count Summary” table 
in the /nte/386™ SX Microprocessor data sheet (or- 
der number 240187). 


4.2 Component and Revision 
identifiers 


To assist users, the microprocessor holds a compo- 
nent identifier and revision identifier in its DX register 
after reset. The upper 8 bits of DX hold the compo- 
nent identifier, 23H. (The lower nibble, 03H, identi- 
fies the Intel386 architecture, while the upper nibble, 
02H, identifies the second member of the Intel386 
microprocessor family.) 


The lower 8 bits of DX hold the revision level identifi- 
er. The revision identifier will, in general, chronologi- 
cally track those component steppings that are in- 
tended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track that of the Intel3886 CPU whenever possible. 
However, the revision identifier value is not guaran- 
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de- 
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. 
Intel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Intel386 EX microprocessor is 09H. 
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Table 4. intel386™ CX Microprocessor Clocks Per Instruction 


Protected Virtual 
Address Mode(3) 


POPA 


IN: 
Fixed Port 
Variable Port 


OUT: 


27 14 7/29 


28 15 8/29 

Fixed Port 27 14 7/29 

Variable Port 28 15 9/29 
| REPINS 31+ 6n(2) 17+ 6n(2) 10+ 6n/32+ 6n(2) 
REP OUTS 30+ 8n(2) 16+ 8n(2) 10+ 8n/31 + 8n(2) 


NOTES: 

1. The clock count values in this column apply if 1/O permission allows |/O to the port in virtual 8086 mode. If the I/O bit 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the “Instruction Set Clock 
Count Summary” table in the /nte/386™ SX Microprocessor data sheet (order number 240187). 

2.n = the number of times repeated. 

3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. 
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5.0 DC SPECIFICATIONS 


ABSOLUTE MAXIMUM RATINGS* 


Storage Temperature .......... —65°C to + 150°C 
Case Temperature Under Bias... —65°C to + 110°C 
Supply Voltage with Respect to Vss. . —0.5V to 6.5V 
Voltage on Other Pins ....... —0.5V to Voc + 0.5V 


OPERATING CONDITIONS* 


Voc (Digital Supply Voltage) .......... 2.7V to 5.5V 
Tcase (Case Temperature Under Bias) 0°C to 100°C 
Fosc (Operating Frequency) ..... 0 MHz to 25 MHz 
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NOTICE: This document contains information on 
products in the design phase of development. Do not 
finalize a design with this information. Revised infor- 
mation will be published when the product is avail- 
able. Verify with your local Intel Sales office that you 
have the latest data sheet before finalizing a design. 


*WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


Table 5. DC Characteristics 


Input Low Voltage 
(for all pins except CLK2, 
RESET, NMI, TRST #, and 
SMI#) 


Input Low Voltage 


(CLK2, RESET, NMI, TRST#, 
and SMI #) 


Input High Voltage 

(for all pins except CLK2, 
RESET, NMI, TRST#, and 
SMI #) 


Input High Voltage 
(CLK2, RESET, NMI, TRST#, 
and SMI #) 


Output Low Voltage 
All pins except Port 3 
Port 3 


Output Low Voltage 
All pins except Port 3 
Port 3 


Output High Voltage 
All pins except Port 3 
Port 3 


Output High Voltage 
All pins except Port 3 
Port 3 


PRODUCT PREVIEW 


Test 


is aps 


eee 
ee bia! oe ete 


Voc = 4.5V to 5.5V 


0.40 lo. = 8mA 

0.40 lo. = 16mA 
Voc = 2.7V to 3.6V 

0.40 lo. = 4mA 

0.40 lo. = 8mA 


Voc = 4.5V to 5.5V 
lon = —8mMA 

lon = —16mA 
Voc = 2.7V to 3.6V 
lon = —4mA 
lon = —8mA 


V 
V 
V 
V 
V 
V 
V 
V 
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Table 5. DC Characteristics (Continued) 


Parameter 


Input Leakage Current 
Output Leakage Current 


Supply Current 


Idle Mode Current 


Power-save Current 


Llp Powerdown Current 
Pin Capacitance (any pin to Vss) 


6.0 AC SPECIFICATIONS 


Table 6 lists output delays, input setup requirements, 
and input hold requirements. All AC specifications 
are relative to the CLK2 rising edge crossing the 
Voc/2 level. 


Figure 4 shows the measurement points for AC 
specifications. Inputs must be driven to the indicated 
voltage levels when AC specifications are mea- 
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini- 
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified as 
minimums, defining the smallest acceptable sam- 
pling window. Within the sampling window, a syn- 
chronous input signal must be stable for correct op- 
eration. 
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16 MHz, 3.0V 
20 MHz, 3.3V 
25 MHz, 5.0V 


divide by 1 clock 
divide by 2 clock 
divide by 4 clock 
divide by 8 clock 
divide by 16 clock 
divide by 32 clock 
divide by 64 clock 


Outputs ADS#, W/R#, D/C#, MI/O#, LOCK#, 
BHE#, BLE#, A25:1, HLDA and SMI_ACT# 
change only at the beginning of phase one. D15:0 
(write cycles) change only at the beginning of phase 
two. 


The READY #, HOLD, BUSY #, ERROR#, PEREQ, 
FLT#, A2Z0M# and D15:0 (read cycles) inputs are 
sampled at the beginning of phase one. The NA#, 
INTR, SMI# and NMI inputs are sampled at the be- 
ginning of phase two. 
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Figure 4. Drive Levels and Measurement Points for AC Specifications 
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Operating Frequency el 


Table 6. AC Characteristics 


20 MHz 16 MHz 
3.0V to 3.6V | 2.7V to 3.3V 


Test 
Conditions(1) 


one-half CLK2 frequency in 
MHz(2) 


at Voc /2(3) 


at Vcc — 0.8V for HV, 
at Vcc —0.6V for LV(S) 


at Voc/2'3) 


Ty wf 

te ik ert 

be fs 

a poe etme ee 
Teo fs | 36 

Tee 


Daan 
2a eon 
ers 
sa ee, Bees 
‘9b Lye 
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ee 


Voc — 0.8V to 0.8V for HV, 
Voc — 0.6V to 0.8V for LV(3) 


0.8V to Voc — 0.8V for HV, 
0.8V to Voc — 0.6V for LV(S) 


A25:1 Valid Delay 


A25:1 Float Delay 


NOTES: 

1. Throughout this table, HV refers to devices operating with Vcc = 4.5V to 5.5V. LV refers to devices operating with 
Voc = 2.7V to 3.6V. 

2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 

3. These are not tested. They are guaranteed by characterization. 

4. Tested with C, set at 50 pF. For LV devices, the t6 and t12 timings are guaranteed by design characterization with C, set 
at 120 pF and all other Note 4 timings are guaranteed with C, set at 75 pF. 

5. Float condition occurs when maximum output current becomes less than I_o in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Table 6. AC Characteristics (Continued) 
20 MHz 16 MHz 
3.0V to 3.6V | 2.7V to 3.3V 
Parameter 

Max Max 

(ns) (ns) 
BHE #, BLE#, LOCK# 19 4 4 C. = 50 pF(4) 
Valid Delay 


BHE#, BLE#, LOCK# 4 4 40 
Float Delay . 

t10a M/lO#, D/C# 19 4 C, = 50 pF(4) 
Valid Delay 
W/R#, RD#, WR#, 4 4 16 C, = 50 pF(4) 
ADS # Valid Delay 


Test 
Conditions(1) 


W/R#, M/IO#, D/C#, 


RD#, WR#, ADS# 
Float Delay 


eae 
115 |NA#SotupTime 


READY #, A20M# 4 
Hold Time 
NOTES: 


1. Throughout this table, HV refers to devices operating with Vcc = 4.5V to 5.5V. LV refers to devices operating with 
Voc = 2.7V to 3.6V. 

2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 

3. These are not tested. They are guaranteed by characterization. 

4. Tested with C, set at 50 pF. For LV devices, the t6 and t12 timings are guaranteed by design characterization with C, set 
at 120 pF and all other Note 4 timings are guaranteed with C, set at 75 pF. 

5. Float condition occurs when maximum output current becomes less than Io in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Table 6. AC Characteristics (Continued) 


: Test 
arameter Conditions(1) 


D15:0 Read Setup 
Time 

D15:0 Read Hold 
Time 


t27 NMI, INTR Setup 
Time 


SMI# Setup Time 


NMI, INTR Hold 
Time 
SMI # Hold Time 


PEREQ, ERROR#, 
BUSY #, FLT# 
Setup Time 


PEREQ, ERROR #, 
BUSY #, FLT# 
Hold Time 


NOTES: 

1. Throughout this table, HV refers to devices operating with Vcc = 4.5V to 5.5V. LV refers to devices operating with 
Voc = 2.7V to 3.6V. 

2. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 

3. These are not tested. They are guaranteed by characterization. 

4. Tested with C, set at 50 pF. For LV devices, the t6 and t12 timings are guaranteed by design characterization with C, set 
at 120 pF and all other Note 4 timings are guaranteed with C, set at 75 pF. 

5. Float condition occurs when maximum output current becomes less than I,o in magnitude. Float delay is not fully tested. 
6. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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A= Vcc -.8 for Vcc = 4.5 - 5.5, Vcc -.6 for Vcc = 2.7 - 3.6 
B = Vec/2 
C= .8V 
272420-6 


Figure 6. CLK2 Waveform 
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(Input) 
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Figure 7. AC Timing Waveforms—input Setup and Hold Timing 
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(Output) 
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Figure 8. AC Timing Waveforms—Output Valid Delay Timing 
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TlorT1 


BHE#, BLE# 
LOCK# 


W/R#, M/lO# 
D/C#, ADS# 


t43 Also applies to data float when write 
cycle is followed by read or idle. 


TTT TAY 


Figure 9. AC Timing Waveforms—Output Float Delay and HLDA Valid Delay Timing 


—=—— Reset Initialization Sequence. ——-——> 


PH2 or PH1 PH2 or PH1 PH2 PH1 
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Figure 10. AC Timing Waveforms—RESET Setup and Hold Timing and Internal Phase 
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STATIC Intel386™ SX 


EMBEDDED MICROPROCESSOR 
m Static Intel386™ CPU Core m Integrated Memory Management Unit 
— Low Power Consumption (MMU) 
— Operating Frequency — Virtual Memory Support 
25 MHz at 4.5V to 5.5V — Optional On-Chip Paging 


m Clock Freeze Mode Allows Clock — 4 Levels of Hardware-Enforced 


Protection 
Stopping at Any Time — MMU Fully Compatible with Those of 
@ Full 32-Bit Internal Architecture the 80286 and Intel386 DX 
— 8-, 16-, 32-Bit Data Types Processors | 


=k CUSraL FuRpres Seon Haat @ Virtual 8086 Mode Allows Execution of 


@ Runs Intel386 Architecture Software in 8086 Software in a Protected and 
a Cost Effective 16-Bit Hardware 3 Paged System 
Environment 


m@ Large Uniform Address Space 


— Runs Same Applications and — 16 Megabyte Physical 


Operating Systems as the Intel386 


SX and Intel386 DX Processors hy hatte ea S Sj 
— Object Code Compatible with 8086, — 4 Gigabyte Maximum Segment Size 
80186, 80286, and Intel386 m@ Numerics Support with Intel387™ SX 
Processors and Intel387 SL Math Coprocessors 
m@ TTL-Compatible Inputs m On-Chip Debugging Support Including 
m High Performance 16-Bit Data Bus Breakpoint Registers | 
— 25 MHz Clock ; = Complete System Development 
— Two-Clock Bus Cycles Support 


— Address Pipelining Allows Use of 


Slower, Inexpensive Memories @ High-Speed CHMOS Technology 


m@ 100-Pin Plastic Quad Flatpack Package 
The Intel886 SX Embedded Microprocessor is a 32-bit, fully static CPU with a 16-bit external data bus and a 
24-bit external address bus. The Intel386 SX CPU brings the vast software library of the Intel386 architecture 


to embedded systems. It provides the performance benefits of 32-bit programming with the cost savings 
associated with 16-bit hardware systems. 
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INTR, NMI 
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READY# 
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Figure 1. Intel386™ SX Microprocessor Block Diagram 
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TOP VIEW 


& 


LOCK# <— 26 


NOTE: 
NC = No Connection 


Figure 2. Intel386™ SX Microprocessor Pin Assignment (PQFP) 


: PRODUCT PREVIEW 


272419-2 


4-49 


| ee Sua 
- STATIC Intel386™ SX EMBEDDED MICROPROCESSOR | 3 intel ; 


Table 1. Pin Assignment 
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2.0 PIN DESCRIPTIONS 


Table 2 lists the Intel386 SX Microprocessor pin descriptions. The following definitions are used in the pin 
descriptions: 


# The named signal is active low. 
| Input signal. 

O Output signal. 

I/O Input and Output signal. 

P Power pin. 

G Ground pin. 


Table 2. Pin Descriptions 


| Symbol | Type | Pin ‘Name and Function 


A23:1 80-79, 76-72, Address Bus outputs physical memory or port |/O addresses. 
70, 66, 64, 
62-58, 56-51, 
18 
ADS # 16 Address Status indicates that the processor is driving a valid 
| bus-cycle definition and address onto its pins (W/R#, D/C#, 
M/lO#, BHE#, BLE#, and A23:1). 
19 Byte High Enable indicates that the processor is transferring a 
high data byte. 
BLE# 17 . Byte Low Enable indicates that the processor is transferring a 
low data byte. 


BUSY # fs Fish en 7 cece en Busy indicates that the math coprocessor is busy. 

CLK2 a ee SE eae CLK2 provides the fundamental timing for the device. 
acknowledge, halt, or code fetch). When D/C # is high, the bus 
cycle is a data cycle; when D/C # is low, the bus cycle is a 

ERROR # Error indicates that the math coprocessor has an error 
condition. 

FLT # Float forces all bidirectional and output signals, including 
HLDA, to a high-impedance state. 


D/C# Data/Control indicates whether the current bus cycle is a data 
control cycle. 

HLDA Bus Hold Acknowledge indicates that the CPU has 
surrendered control of its local bus to another bus master. 


cycle (memory or I/O) or a control cycle (interrupt 
1/0 81-83, 86-90, Data Bus inputs data during memory read, I/O read, and 
92-96, 99-100, | interrupt acknowledge cycles and outputs data during memory 
1 and |/O write cycles. 
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Table 2. Pin Descriptions (Continued) 


| Symbol | Type | Pin | Name and Function 


HOLD Bus Hold Request allows another bus master to request 
control of the local bus. 


interrupt Request is a maskable input that causes the CPU to 
suspend execution of the current program and then execute an 
interrupt acknowledge cycle. 


Memory/IO indicates whether the current bus cycle is a 
memory cycle or an input/output cycle. When M/IO # is high, 
the bus cycle is a memory cycle; when M/IO # is low, the bus 
cycle is an I/O cycle. 


20, 27, 29-31, 
43-47 


No Connection should always be left unconnected. 
Connecting a NC pin may cause the processor to malfunction or 
cause your application to be incompatible with future steppings 

of the device. 


Non-Maskable Interrupt Request is a non-maskable input that 
causes the CPU to suspend execution of the current program 
and execute an interrupt acknowledge function. 


37 Processor Extension Request indicates that the math 
coprocessor has data to transfer to the processor. 

READY # 7 Bus Ready indicates that the current bus cycle is finished and 
the external device is ready to accept more data from the 
processor. 

RESET RESET suspends any operation in progress and places the 
processor into a known reset state. 

W/R# Write/Read indicates whether the current bus cycle is a write 
cycle or a read cycle. When W/R # is high, the bus cycle is a 
write cycle; when W/R # is low, it is a read cycle. 


8-10, 21, 32, System Power provides the nominal DC supply input. 
39, 42, 48, 57, 
69, 71, 84, 91, 
97 


2,5, 11-14, 22 
35, 41, 49-50, 
63, 67-68, 
77-78, 85, 98 


System Ground provides the OV connection from which all 
inputs and outputs are measured. 
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3.0 DESIGN CONSIDERATIONS 


This section describes the Static Intel386 SX Micro- 
processor’s Instruction Set and its component and 
revision identifiers. 


3.1 Instruction Set 


The Static Intel886 SX Microprocessor uses the 
same instruction set as the dynamic Intel386 SX Mi- 
croprocessor. However, the Static Intel886 SX Mi- 
croprocessor requires more clock cycles than the 
dynamic Intel386 SX Microprocessor to execute 
some instructions. Table 3 lists these instructions 
and the Static Intel386 SX Microprocessor CPI. For 
the equivalent dynamic Intel886 SX Microprocessor 
CPI, refer to the ‘Instruction Set Clock Count Sum- 
mary” table in the /nte/386 SX Microprocessor data 
sheet (order number 240187). 
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3.2 Component and Revision 
identifiers 


To assist users, the microprocessor holds a compo- 
nent identifier and revision identifier in its DX register 
after reset. The upper 8 bits of DX hold the compo- 
nent identifier, 23H. (The lower nibble, 03H, identi- 
fies the Intel386 Architecture, while the upper nibble, 
02H, identifies the second member of the Intel386 
Microprocessor family.) 


The lower 8 bits of DX hold the revision level identifi- 
er. The revision identifier will, in general, chronologi- 
cally track those component steppings that are in- 
tended to have certain improvements or distinction 
from previous steppings. The revision identifier will 
track that of the Intel886 CPU whenever possible. 
However, the revision identifier value is not guaran- 
teed to change with every stepping revision or to 
follow a completely uniform numerical sequence, de- 
pending on the type or intent of the revision or the 
manufacturing materials required to be changed. 
Intel has sole discretion over these characteristics of 
the component. The initial revision identifier for the 
Static Intel886 SX Microprocessor is 09H. 
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Table 3. Intel386™ SX Microprocessor Clocks Per Instruction | 


Real Address Mode Protected Virtual 
i 1 
Virtual 8086 Mode(”) or Virtual 8086 Mode Address Mode(3) 


POPA By Ba oe NO MB a a > 


IN: 
Fixed Port 27 7/29 
8/29 

OUT: 

Fixed Port 7/29 

Variable Port : 9/29 


Variable Port 
14 
15 
big Rete en 'gt MOT inte tic Kad pe 17 9/32 
7 
0 


28 
27 
28 
OUTS a Teun Meee de! Sacer eee te 10/33 
| REPINS | 31+ 6n(2) 17+ 6n(2) 10+ 6n/32+ 6n(2) 
REP OUTS 30 + 8n(2) 16+ 8n(2) 10+ 8n/31 + 8n(2) 
Slee eee eee me ree eee 
MOVOQ MR tee 2 As ee 1 eco ie At it Se 


NOTES: 

1. The clock count values in this column apply if |1/O permission allows |/O to the port in virtual 8086 mode. If the I/O bit 
map denies permission, exception fault 13 occurs; see clock counts for the INT 3 instruction in the “Instruction Set Clock 
Count Summary” table in the /nte/386 SX Microprocessor data sheet (order number 240187). 

2. n = the number of times repeated. 

3. When two clock counts are listed, the smaller value refers to a register operand and the larger value refers to a memory 
operand. 
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4.0 DC SPECIFICATIONS NOTICE: This document contains information on 
products in the design phase of development. Do not 
finalize a design with this information. Revised infor- 
mation will be published when the product is avail- 
able. Verify with your local Intel Sales office that you 


ptorage Temperate”. 4... TEBOW rn ISOS have the latest data sheet before finalizing a design. 


Bere. emiperatits Ure Bias... BE Oe TINO. WARNING: Sheena te device bejond iis” Abani 
Supply Voltage with Respect to Vgsg..—0.5Vto6.5V = Yaximum Ratings” may cause permanent damage. 
Voltage on Other Pins ....... —0.5VtoVcc + 0.5V _—s: These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions”’ 


ABSOLUTE MAXIMUM RATINGS* 


OPERATING CONDITIONS* may affect device reliability. 
Digital Supply Voltage (Vcc) .......... 4.5V to 5.5V 
Case Temperature Under Bias (Tcasg) 0°C to 100°C 
Operating Frequency (Fosc) ..... 0 MHz to 25 MHz 


Table 4. DC Characteristics 


Input Low Voltage 


Input High Voltage 


CLK2 Input Low Voltage 
CLK2 Input High Voltage 


Output High Voltage 2.4 
= lon = —0.2 mA 


Input Leakage Current Liar 0< VIN < Vcc 
(for all pins except PEREQ, 
BUSY #, FLT#, ERROR #) 


Input Leakage Current (PEREQ) Vin = 2.4V(2) 

Input Leakage Current Vit = 0.45V(3) 
(BUSY #, FLT#, ERROR #) 

Output Leakage Current 


1. All values except Icc tested at 25 MHz operating frequency (CLK = 25 MHz, CLK2 = 50 MHz). 

2. PEREQ input has an internal weak pull-down resistor. 

3. BUSY #, FLT# and ERROR # inputs each have an internal weak pull-up resistor. 

4. loc max and Iccr Max measurement at worst-case frequency, Vcc and temperature, with 50 pF output load. 
5 

6 


. loc typ and Iccr typ are measured at nominal Vcc and are not fully tested. 
. Not fully tested. 
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Table 4. DC Characteristics (Continued) 


Parameter 


Supply Current 
CLK2 = 50 MHz, CLK = 25 MHz 


NOTES: 


Test | 
Conditions(1) 


Standby Current (Freeze Mode) 
Input Capacitance 
Output or |/O Capacitance 


Bar 3 

ee a 
as Tes ee 

Cou | cuxeCapactance «| «Yar 


(Notes 4, 5) 
typ = 210 mA 


Iocr typ = 20 pA(S) 


Fo = 1 MHz(6) 
Fo = 1 MHz(5) 


1. All values except Icc tested at 25 MHz operating frequency (CLK = 25 MHz, CLK2 = 50 MHz). 


2. PEREQ input has an internal weak pull-down resistor. 


3. BUSY #, FLT# and ERROR # inputs each have an internal weak pull-up resistor. 
4. loc max and Iccr max measurement at worst-case frequency, Voc and temperature, with 50 pF output load. 
5. loc typ and Iccr typ are measured at nominal Vcc and are not fully tested. 


6. Not fully tested. 


5.0 AC SPECIFICATIONS 


Table 5 lists output delays, input setup requirements, 
and input hold requirements. All AC specifications 
are relative to the CLK2 rising edge crossing the 
2.0V level. 


Figure 3 shows the measurement points for AC 
specifications. Inputs must be driven to the indicated 
voltage levels when AC specifications are mea- 
sured. Output delays are specified with minimum 
and maximum limits measured as shown. The mini- 
mum delay times are hold times provided to external 
circuitry. Input setup and hold times are specified as 
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minimums, defining the smallest acceptable sam- 
pling window. Within the sampling window, a syn- 
chronous input signal must be stable for correct op- 
eration. 


Outputs ADS#, W/R#, D/C#, MI/O#, LOCK#, 
BHE#, BLE#, A23:1, and HLDA change only at the 
beginning of phase one. D15:0 (write cycles) change 
only at the beginning of phase two. 


The READY #, HOLD, BUSY #, ERROR#, PEREQ, 
FLT # and D15:0 (read cycles) inputs are sampled at 
the beginning of phase one. The NA#, INTR and 
NMI inputs are sampled at the beginning of phase 
two. 


PRODUCT PREVIEW 


CLK2 


OUTPUTS 
(A23:1,BHE# 
BLE#,ADS#,MI/O# 
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B - Minimum Output Delay Spec 
C - Minimum Input Setup Spec 
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Figure 3. Drive Levels and Measurement Points for AC Specifications 
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Table 5. AC Characteristics 


Operating Frequency 


CLK2 Period 


CLK2 High Time 7 
CLK2 High Time 4 


Test 
Conditions 


CLK2 Low Time 
CLK2 Fall Time 
CLK2 Rise Time 


A23:1 Valid Delay 4 
A23:1 Float Delay 


hb 
ase 
Bears 
Rope, a 
ee oe 
Pee 
Rohe 
Gir rs 
nis Abad 
cat Ati 


4 
BHE#, BLE#, LOCK# Valid Delay 4 
BHE#, BLE#, LOCK# Float Delay 


W/R#, M/IO#, D/C#, ADS# 
Valid Delay 


Float Delay 


NOTES: t 

1. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 

2. These are not tested. They are guaranteed by characterization. 

3. Float condition occurs when maximum output current becomes less than I_o in magnitude. Float delay is not fully tested. 
4. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Test 
Conditions 


Table 5. AC Characteristics (Continued) 
=| — 

oe ee ae a a Rd EE 
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Pec atten 8 i Pe | 
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ee Neer tine 2 epee SA! Se eS Peeks 
[er | NMLINTRSeupTime YC 
ps NM INTRO Title OF ed 
[wo | PEREQ.ERROR, BUSY#,FLT# Setup Time | 6 
[0 | PEREO, ERROR’, BUSY#,FLT#HoIdTime | 5 
NOTES: 3 


1. Tested at maximum operating frequency and guaranteed by design characterization at lower operating frequencies. 

2. These are not tested. They are guaranteed by characterization. 

3. Float condition occurs when maximum output current becomes less than Io in magnitude. Float delay is not fully tested. 
4. These inputs may be asynchronous to CLK2. The setup and hold specifications are given for testing purposes to ensure 
recognition within a specific CLK2 period. 
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Figure 4. AC Test Loads 
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Figure 5. CLK2 Waveform 
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Figure 6. AC Timing Waveforms—input Setup and Hold Timing 
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Figure 7. AC Timing Waveforms—Output Valid Delay Timing 
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LOCK# 
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D/C#, ADS# 


t73 Also applies to data float when write 
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Figure 8. AC Timing Waveforms—Output Float Delay and HLDA Valid Delay Timing 
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<=—— Reset Initialization Sequence = —----------—-—> 


PH2 or PH1 PH2 or PH1 PH2 PH1 
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Figure 9. AC Timing Waveforms—RESET Setup and Hold Timing and Internal Phase 
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Intel Corp. 

2001 Route 46, Suite 310 
Parsippany 07054-1315 
Tel: (800) 628-8686 

FAX: (201) 402-4893 


*tintel Corp. 

Lincroft Office Center 
125 Half Mile Road 
Red Bank 07701 

Tel: (800) 628-8686 
FAX: (908) 747-0983 


tintel Corp. 

300 Westage Business Center 
Suite 230 

Fishkill 12524 

Tel: (800) 628-8686 

FAX: (914) 897-3125 


*tintel Corp. 

2950 Express Dr., South 
Suite 130 

Islandia 11722 

Tel: (800) 628-8686 
TWX: 510-227-6236 
FAX: (516) 348-7939 


OHIO 


*Intel Corp. 

56 Milford Dr., Suite 205 
Hudson 44236 

Tel: (800) 628-8686 
FAX: (216) 528-1026 


*tintel Corp. 

3401 Park Center Drive 
Suite 220 

Dayton 45414 

Tel: (800) 628-8686 
TWX: 810-450-2528 
FAX: (513) 890-8658 


OKLAHOMA 


Intel Corp. 

6801 N. Broadway 
Suite 115 

Oklahoma City 73162 
Tel: (800) 628-8686 
FAX: (405) 840-9819 


OREGON 


tintel Corp. 

15254 N.W. Greenbrier Pkwy. 
Building B 

Beaverton 97006 

Tel: (800) 628-8686 

TWX: 910-467-8741 

FAX: (503) 645-8181 


PENNSYLVANIA 


*tintel Corp. 

925 Harvest Drive 
Suite 200 

Blue Bell 19422 

Tel: (800) 628-8686 
FAX: (215) 641-0785 


SOUTH CAROLINA 


Intel Corp. 

7403 Parklane Rd., Suite 3 
Columbia 29223 

Tel: (800) 628-8686 

FAX: (803) 788-7999 


Intel Corp. 

100 Executive Center Drive 
Suite 109, B183 

Greenville 29615 

Tel: (800) 628-8686 

FAX: (803) 297-3401 


TEXAS 


tintel Corp. 

8911 N. Capital of Texas Hwy. 
Suite 4230 

Austin 78759 

Tel: (800) 628-8686 

FAX: (512) 338-9335 


Houston 77070 

Tel: (800) 628-8686 

TWX: 910-881-2490 

FAX: (713) 988-3660 


UTAH 


tintel Corp. 

428 East 6400 South 
Suite 135 

Murray 84107 

Tel: (800) 628-8686 
FAX: (801) 268-1457 


WASHINGTON 


tintel Corp. 

2800 156th Avenue S.E. 
Suite 105 

Bellevue 98007 

Tel: (800) 628-8686 
FAX: (206) 746-4495 


WISCONSIN 


Intel Corp. 

400 N. Executive Dr. 
Suite 401 

Brookfield 53005 
Tel: (800) 628-8686 
FAX: (414) 789-2746 


CANADA 


BRITISH COLUMBIA 


Intel Semiconductor of 

Canada, Ltd. 

999 Canada Place 

Suite 404, #11 , 
Vancouver V6C 3E2 

Tel: (800) 628-8686 

FAX: (604) 844-2813 


ONTARIO 


tintel Semiconductor of 
Canada, Ltd. 

2650 Queensview Drive 
Suite 250 

Ottawa K2B 8H6 

Tel: (800) 628-8686 
FAX: (613) 820-5936 


tintel Semiconductor of 
Canada, Ltd. 

190 Attwell Drive 

Suite 500 

Rexdale M9W 6H8 

Tel: (800) 628-8686 
FAX: (416) 675-2438 


QUEBEC 


tintel Semiconductor of 
Canada, Ltd. 

1 Rue Holiday 

Suite 320 

Tour East 

Pt. Claire H9R 5N3 

Tel: (800) 628-8686 
FAX: 514-694-0064 
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ALABAMA 


Arrow/Schweber Electronics 
1015 Henderson Road 
Huntsville 35806 

Tel: (205) 837-6955 

FAX: (205) 721-1581 


Hamilton Hallmark 

4890 University Square, #1 
Huntsville 35816 

Tel: (205) 837-8700 

FAX: (205) 830-2565 


MT! Systems 

4950 Corporate Dr., #120 
Huntsville 35805 

Tel: (205) 830-9526 

FAX: (205) 830-9557 


Pioneer Technologies Group 
4835 University Square, #5 
Huntsville 35805 

Tel: (205) 837-9300 

FAX: (205) 837-9358 


Wyle Laboratories 

7800 Governers Drive 
Tower Building, 2nd Floor 
Huntsville 35806 

Tel: (205) 830-1119 

FAX: (205) 830-1520 


ARIZONA 


Anthem Electronics 

1555 W. 10th Place, #101 
Tempe 85281 

Tel: (602) 966-6600 

FAX: (602) 966-4826 


Arrow/Schweber Electronics 
2415 W. Erie Drive 

Tempe 85282 

Tel: (602) 431-0030 

FAX: (602) 252-9109 


Avnet Computer 

1626 S. Edwards Drive 
Tempe 85281 

Tel: (602) 902-4600 
FAX: (602) 902-4640 


Hamilton Hallmark 
4637 S. 36th Place 
Phoenix 85040 

Tel: (602) 437-1200 
FAX: (602) 437-2348 


Wyle Laboratories 
4141 E. Raymond 
Phoenix 85040 

Tel: (602) 437-2088 
FAX: (602) 437-2124 


CALIFORNIA 


Anthem Electronics 
9131 Oakdale Ave. 
Chatsworth 91311 
Tel: (818) 775-1333 
FAX: (818) 775-1302 


Anthem Electronics 
1 Oldfield Drive 
Irvine 92718-2809 
Tel: (714) 768-4444 
FAX: (714) 768-6456 


Anthem Electronics 
580 Menlo Drive, #8 
Rocklin 95677 

Tel: (916) 624-9744 
FAX: (916) 624-9750 


Anthem Electronics 
9369 Carroll Park Drive 
San Diego 92121 

Tel: (619) 453-9005 
FAX: (619) 546-7893 


Anthem Electronics 
1160 Ridder Park Drive 
San Jose 95131 

Tel: (408) 452-2219 
FAX: (408) 441-4504 


Arrow Commercial Systems Group 
1502 Crocker Avenue 

Hayward 94544 

Tel: (510) 489-5371 

FAX: (510) 489-9393 


Arrow Commercial Systems Group 
14242 Chambers Road 

Tustin 92680 

Tel: (714) 544-0200 

FAX: (714) 731-8438 
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NORTH AMERICAN DISTRIBUTORS 


Arrow/Schweber Electronics 
26707 W. Agoura Road 
Calabasas 91302 

Tel: (818) 880-9686 

FAX: (818) 772-8930 


Arrow/Schweber Electronics 
48834 Kato Road, Suite 103 
Fremont 94538 

Tel: (510) 490-9477 


Arrow/Schweber Electronics 
6 Cromwell #100 

Irvine 92718 

Tel: (714) 838-5422 

FAX: (714) 454-4206 


Arrow/Schweber Electronics 
9511 Ridgehaven Court 
San Diego 92123 

Tel: (619) 565-4800 

FAX: (619) 279-8062 


Arrow/Schweber Electronics 
1180 Murphy Avenue 

San Jose 95131 

Tel: (408) 441-9700 

FAX: (408) 453-4810 


Avnet Computer 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4150 
FAX: (714) 641-4170 


Avnet Computer 

1361B West 190th Street 
Gardena 90248 

Tel: (800) 426-7999 
FAX: (310) 327-5389 


Avnet Computer 


755 Sunrise Boulevard, #150 


Roseville 95661 
Tel: (916) 781-2521 
FAX: (916) 781-3819 


Avnet Computer 

1175 Bordeaux Drive, #A 
Sunnyvale 94089 

Tel: (408) 743-3454 

FAX: (408) 743-3348 


Avnet Computer 
21150 Califa Street 
Woodland Hills 91376 
Tel: (818) 594-8301 
FAX: (818) 594-8333 


Hamilton Hallmark 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4100 
FAX: (714) 641-4122 


Hamilton Hallmark 

1175 Bordeaux Drive, #A 
Sunnyvale 94089 

Tel: (408) 435-3500 

FAX: (408) 745-6679 


Hamilton Hallmark 
4545 Viewridge Avenue 
San Diego 92123 

Tel: (619) 571-7540 
FAX: (619) 277-6136 


Hamilton Hallmark 
21150 Califa St. 
Woodland Hills 91367 
Tel: (818) 594-0404 
FAX: (818) 594-8234 


Hamilton Hallmark 
580 Menlo Drive, #2 
Rocklin 95762 

Tel: (916) 624-9781 
FAX: (916) 961-0922 


Pioneer Standard 

5850 Canoga Bivd., #400 
Woodland Hills 91367 
Tel: (818) 883-4640 


Pioneer Standard 

217 Technology Dr., #110 
Irvine 92718 

Tel: (714) 753-5090 


Pioneer Technologies Group 
134 Rio Robles 

San Jose 95134 

Tel: (408) 954-9100 

FAX: (408) 954-9113 


Wyle Laboratories 
15370 Barranca Pkwy. 
Irvine 92713 

Tel: (714) 753-9953 
FAX: (714) 753-9877 


Wyle Laboratories 


15360 Barranca Pkwy., #200 


Irvine 92713 
Tel: (714) 753-9953 
FAX: (714) 753-9877 


Wyle Laboratories 

2951 Sunrise Bivd., #175 
Rancho Cordova 95742 
Tel: (916) 638-5282 

FAX: (916) 638-1491 


Wyle Laboratories 

9525 Chesapeake Drive 
San Diego 92123 

Tel: (619) 565-9171 
FAX: (619) 365-0512 


Wyle Laboratories 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727-2500 
FAX: (408) 727-5896 


Wyle Laboratories 
17872 Cowan Avenue 
Irvine 92714 

Tel: (714) 863-9953 
FAX: (714) 263-0473 


Wyle Laboratories 

26010 Mureau Road, #150 
Calabasas 91302 

Tel: (818) 880-9000 

FAX: (818) 880-5510 


Zeus Arrow Electronics 
6276 San Ignacio Ave., #E 
San Jose 95119 

Tel: (408) 629-4789 

FAX: (408) 629-4792 


Zeus Arrow Electronics 
22700 Savi Ranch Pkwy. 
Yorba Linda 92687-4613 
Tel: (714) 921-9000 
FAX: (714) 921-2715 


COLORADO 


Anthem Electronics 

373 Inverness Drive South 
Englewood 80112 

Tel: (303) 790-4500 

FAX: (303) 790-4532 


Arrow/Schweber Electronics 
61 Inverness Dr. East, #105 
Englewood 80112 

Tel: (303) 799-0258 

FAX: (303) 373-5760 


Hamilton Hallmark 

12503 E. Euclid Drive, #20 
Englewood 80111 

Tel: (303) 790-1662 

FAX: (303) 790-4991 


Hamilton Hallmark 

710 Wooten Road, #102 
Colorado Springs 80915 
Tel: (719) 637-0055 
FAX: (719) 637-0088 


Wyle Laboratories 
451 E. 124th Avenue 
Thornton 80241 

Tel: (303) 457-9953 
FAX: (303) 457-4831 


CONNECTICUT 


Anthem Electronics 

61 Mattatuck Heights Road 
Waterburg 06705 

Tel: (203) 575-1575 

FAX: (203) 596-3232 


Arrow/Schweber Electronics 
12 Beaumont Road 
Wallingford 06492 

Tel: (203) 265-7741 

FAX: (203) 265-7988 


Avnet Computer 

55 Federal Road, #103 
Danbury 06810 

Tel: (203) 797-2880 
FAX: (203) 791-9050 


Hamilton Hallrnark 

125 Commerce Court, Unit 6 
Cheshire 06410 

Tel: (203) 271-2844 

FAX: (203) 272-1704 


Pioneer Stanclard 

2 Trap Falls Road 
Shelton 06484 

Tel: (203) 929-5600 


FLORIDA 


Anthem Electronics 

598 South Northlake Bivd., #1024 
Altamonte Springs 32701 

Tel: (813) 797- 

FAX: (813) 796-4880 


Arrow/Schweloer Electronics 
400 Fairway Drive, #102 
Deerfield Beach 33441 

Tel: (305) 429-8200 

FAX: (305) 428-3991 


Arrow/Schweber Electronics 
37 Skyline Drive, #3101 
Lake Mary 32746 

Tel: (407) 333-9300 

FAX: (407) 333-9320 


Avnet Computer 

3343 W. Commercial Boulevard 
Bidg. C/D, Suite 107 

Ft. Lauderdale 33309 

Tel: (305) 730-9110 

FAX: (305) 730-0368 


Avnet Computer 

3247 Tech Drive North 
St. Petersburg 33716 
Tel: (813) 573-5524 
FAX: (813) 572-4324 


Hamilton Hallmark 

3350 N.W. 53rd St., #105-107 
Ft. Lauderdale 33309 

Tel: (305) 484-5482 

FAX: (305) 484-2995 


Hamilton Halimark 
10491 72nd St. North 
Largo 34647 

Tel: (813) 541-7440 
FAX: (813) 544-4394 


Hamilton Halimark 

7079 University Boulevard 
Winter Park 32792 

Tel: (407) 657-3300 

FAX: (407) 678-4414 


Pioneer Tectinologies Group 
337 Northlake Bivd., #1000 
Alta Monte Springs 32701 
Tei: (407) 834-9090 

FAX: (407) 834-0865 


Pioneer Technologies Group 
674 S. Military Trail 

Deerfield Beach 33442 

Tel: (305) 428-8877 

FAX: (305) 481-2950 


Pioneer Technologies Group 
8031-2 Phillips Aga 
Jacksonville 3225: 

Tel: (904) 730-0065 


Wyle Laboratories 
1000 112 Circle North 
St. Petersburg 33716 
Tel: (813) 530-3400 
FAX: (813) 579-1518 


GEORGIA 


Arrow Commercial Systems Group 
3400 C. Corporate Way 

Duluth 30136 

Tel: (404) 623-8825 

FAX: (404) 623-8802 


Arrow/Schweber Electronic 
4250 E. Rivergreen Pkwy., 
Duluth 30136 

Tel: (404) 497-1300 

FAX: (404) 476-1493 


Avnet Computer 

3425 Corporate Way, #G 
Duluth 30136 

Tel: (404) 623-5452 

FAX: (404) 476-0125 


Hamilton Hallmark 

3425 Corporate Way, #G & 
Duluth 30136 

Tel: (404) 623-5475 

FAX: (404) 623-5490 


Pioneer Technologies Grot 
4250 C. Rivergreen Parkwé 
Duluth 30136 

Tel: (404) 623-1003 

FAX: (404) 623-0665 


Wyle Laboratories 

6025 The Corners Pkwy., 3 
Norcross 30092 

Tel: (404) 441-9045 

FAX: (404) 441-9086 


ILLINOIS 


Anthem Electronics 

1300 Remington Road, Sui 
Schaumberg 60173 

Tel: (708) 884-0200 

FAX: (708) 885-0480 


Arrow/Schweber Electronic 
1140 W. Thorndale Rd. 
Itasca 60143 

Tel: (708) 250-0500 


Avnet Computer 

1124 Thorndale Avenue 
Bensenville 60106 

Tel: (708) 860-8572 
FAX: (708) 773-7976 


Hamilton Hallmark 
1130 Thorndale Avenue 
Bensenville 60106 

Tel: (708) 860-7780 
FAX: (708) 860-8530 


MTI Systems 

1140 W. Thorndale Avenue 
Itasca 60143 

Tel: (708) 250-8222 

FAX: (708) 250-8275 


Pioneer Standard 

2171 Executive Dr., #200 
Addison 60101 

Tel: (708) 495-9680 

FAX: (708) 495-9831 


Wyle Laboratories 

2055 Army Trail Road, #14 
Addison 60101 

Tel: (800) 853-9953 

FAX: (708) 620-1610 


INDIANA 


Arrow/Schweber Electronic 
7108 Lakeview Parkway W 
Indianapolis 46268 

Tel: (317) 299-2071 

FAX: (317) 299-2379 


Avnet Computer 
485 Gradle Drive 
Carmel 46032 

Tel: (317) 575-8029 
FAX: (317) 844-4964 


Hamilton Hallmark 
4275 W. 96th 
Indianapolis 46268 
Tel: (317) 872-8875 
FAX: (317) 876-7165 


Pioneer Standard 

9350 Priority Way West Dr. 
Indianapolis 46250 

Tel: (317) 573-0880 

FAX: (317) 573-0979 
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KANSAS 


Arrow/Schweber Electronics 
9801 Legler Road 

Lenexa 19 

Tel: (918) 541-9542 

FAX: (913) 541-0328 


Avnet Computer 
15313 W. 95th Street 
Lenexa 61219 

Tel: (913) 541-7989 
FAX: (913) 541-7904 


Hamilton Halimark 
10809 Lakeview Avenue 
Lenexa 66215 

Tel: (913) 888-4747 
FAX: (913) 888-0523 


KENTUCKY 
Hamilton Hallmark 


Tel: (800) 235-6039 
FAX: (606) 288-4936 


MARYLAND 


Anthem Electronics 

7168A Columbia Gateway Drive 
Columbia 21046 

Tel: (410) 995-6640 

FAX: (410) 290-9862 


Arrow Commercial Systems Group 
200 Soe ice? | 

Gaithersburg 20877 

Tel: (301) 670-1600 

FAX: (301) 670-0188 


Arrow/Schweber Electronics 
9800J Patuxent Woods Dr. 
Columbia 21046 

Tel: (301) 596-7800 

FAX: (301) 995-6201 


Avnet Computer 

7172 Columbia Gateway Dr., #G 
Columbia 21045 

Tel: (301) 995-3571 

FAX: (301) 995-3515 


Hamilton Hallmark 

10240 Old Columbia Road 
Columbia 21046 

Tel: (410) 988-9800 

FAX: (410) 381-2036 


North Atlantic Industries 
Systems Division 

7125 River Wood Dr. 

Columbia 21046 

Tel: (301) 312-5800 

FAX: (301) 312-5850 © 


Pioneer Technologies Group 
15810 Gaither Road 
Gaithersburg 20877 

Tel: (301) 921-0660 

FAX: (301) 670-6746 


Wyle Laboratories 

7180 Columbia Gateway Dr. 
Columbia 21046 

Tel: (410) 312-4844 

FAX: (410) 312-4953 


MASSACHUSETTS 


Anthem Electronics 
36 Jonspin Road 
Wilmington 01887 
Tel: (508) 657-5170 
FAX: (508) 657-6008 


Arrow/Schweber Electronics 
25 Upton Dr. 

Wilmington 01887 

Tel: (508) 658-0900 

FAX: (508) 694-1754 


Avnet Computer 

10 D Centennial Drive 
Peab: 01960 

Tel: (508) 532-9886 
FAX: (508) 532-9660 


Hamilton Hallmark 

10 D Centennial Drive 
lea 01960 

Tel: (508) 531-7430 
FAX: (508) 532-9802 


Pioneer Standard 
44 Hartwell Avenue 
Lexington 02173 
Tel: (617) 861-9200 
FAX: (617) 863-1547 


Wyle Laboratories 
15 Third Avenue 
Burlington 01803 
Tel: (617) 272-7300 
FAX: (617) 272-6809 


MICHIGAN 


Arrow/Schweber Electronics 
19880 Haggerty Road 
Livonia 48152 

Tel: (800) 231-7902 

FAX: (313) 462-2686 


Avnet Computer 

2876 28th Street, S.W., #5 
Grandville 49418 

Tel: (616) 531-9607 

FAX: (616) 531-0059 


Avnet Computer 

41650 Garden Brook Rd. #120 
Novi 48375 

Tel: (313) 347-1820 

FAX: (313) 347-4067 


Hamilton Hallmark 

44191 Plymouth Oaks Bivd., #1300 
Plymouth 48170 

Tel: (313) 416-5800 

FAX: (313) 416-5811 


Hamilton Hallmark 

41650 Garden Brook Rd., #100 
Novi 49418 

Tel: (313) 347-4271 

FAX: (313) 347-4021 


Pioneer Standard 
4505 Broadmoor S.E. 
Grand Rapids 49512 
Tel: (616) 698-1800 
FAX: (616) 698-1831 


Pioneer Standard 
13485 Stamford 
Livonia 48150 

Tel: (313) 525-1800 
FAX: (313) 427-3720 


MINNESOTA 


Anthem Electronics 

7646 Golden Triangle Drive 
Eden Prairie 55344 

Tel: (612) 944-5454 

FAX: (612) 944-3045 


Arrow/Schweber Electronics 
10100 Viking Drive, #100 
Eden Prairie 55344 

Tel: (612) 941-5280 

FAX: (612) 942-7803 


Avnet Computer 

10000 West 76th Street 
Eden Prairie 55344 

Tel: (612) 829-0025 
FAX: (612) 944-2781 


Hamilton Hallmark 

9401 James Ave South, #140 
Bloomington 55431 

Tel: (612) 881-2600 

FAX: (612) 881-9461 


Pioneer Standard 

7625 Golden Triange Dr., #G 
Eden Prairie 55344 

Tel: (612) 944-3355 

FAX: (612) 944-3794 


Wyle Laboratories 
1325 E. 79th Street, #1 
Bloomington 55425 
Tel: (612) 853-2280 
FAX: (612) 853-2298 


MISSOURI 


Arrow/Schweber Electronics 
2380 Schuetz Road 

St. Louis 63141 

Tel: (314) 567-6888 

FAX: (314) 567-1164 


Avnet Computer 

741 Goddard Avenue 
Chesterfield 63005 
Tel: (314) 537-2725 
FAX: (314) 537-4248 


Hamilton Hallmark 
3783 Rider Trail South 
Earth City 63045 

Tel: (314) 291-5350 
FAX: (314) 291-0362 


NEW HAMPSHIRE 


Avnet Computer 

2 Executive Park Drive 
Bedford 03102 

Tel: (800) 442-8638 
FAX: (603) 624-2402 


NEW JERSEY 


Anthem Electronics 

26 Chapin Road, Unit K 
Pine Brook 07058 

Tel: (201) 227-7960 
FAX: (201) 227-9246 


Arrow/Schweber Electronics 
4 East Stow Rd., Unit 11 
Mariton 08053 

Tel: (609) 596-8000 

FAX: (609) 596-9632 


Arrow/Schweber Electronics 
43 Route 46 East 

Pine Brook 07058 

Tel: (201) 227-7880 

FAX: (201) 538-4962 


Avnet Computer 

1-B Keystone Ave., Bldg. 36 
Cherry Hill 08003 

Tel: (609) 424-8961 

FAX: (609) 751-2502 


Hamilton Hallmark 

1 Keystone Ave., Bidg. 36 
Cherry Hill 08003 

Tel: (609) 424-0110 

FAX: (609) 751-2552 


Hamilton Hallmark 

10 Lanidex Plaza West 
Parsippani 07054 

Tel: (201) 515-5300 
FAX: (201) 515-1601 


MTI Systems 

43 Route 46 East 
Pinebrook 07058 
Tel: (201) 882-8780 
FAX: (201) 539-6430 


Pioneer Standard 
14-A Madison Rd. 
Fairfield 07006 

Tel: (201) 575-3510 
FAX: (201) 575-3454 


Wyle Laboratories 

20 Chapin Road, Bldg. 10-13 
Pinebrook 07058 

Tel: (201) 882-8358 

FAX: (201) 882-9109 


NEW MEXICO 


Alliance Electronics, Inc. 
10510 Research Ave. 
Albuquerque 87123 

Tel: (505) 292-3360 
FAX: (505) 275-6392 


Avnet Computer 
7801 Academy Rd. 
Bldg. 1, Suite 204 
Albuquerque 87109 
Tel: (505) 828-9725 
FAX: (505) 828-0360 


NEW YORK 


Anthem Electronics 
47 Mall Drive 
Commack 11725 
Tel: (516) 864-6600 
FAX: (516) 493-2244 


Arrow/Schweber Electronics 
3375 Brighton Henrietta 
Townline Rd. 

Rochester 14623 

Tel: (716) 427-0300 

FAX: (716) 427-0735 


Arrow/Schweber Electronics 
20 Oser Avenue 
Hauppauge 11788 

Tel: (516) 231-1000 

FAX: (516) 231-1072 


Avnet Computer 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 434-7443 
FAX: (516) 434-7426 


Avnet Computer 
2060 Townline Rd. 
Rochester 14623 
Tel: (716) 272-9110 
FAX: (716) 272-9685 


Hamilton Hallmark 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 434-7470 
FAX: (516) 434-7491 


Hamilton Hallmark 
1057 E. Henrietta Road 
Rochester 14623 

Tel: (716) 475-9130 
FAX: (716) 475-9119 


Hamilton Hallmark 

3075 Veterans Memorial Hwy. 
Ronkonkoma 11779 

Tel: (516) 737-0600 

FAX: (516) 737-0838 


MTI Systems 

1 Penn Plaza 

250 W. 34th Street 
New York 10119 
Tel: (212) 643-1280 
FAX: (212) 643-1288 


Pioneer Standard 

68 Corporate Drive 
Binghamton 13904 
Tel: (607) 722-9300 
FAX: (607) 722-9562 


Pioneer Standard 

60 Crossway Park West 
Woodbury, Long Island 11797 
Tel: (516) 921-8700 

FAX: (516) 921-2143 


Pioneer Standard 
840 Fairport Park 
Fairport 14450 

Tel: (716) 381-7070 
FAX: (716) 381-5955 


Zeus Arrow Electronics 
100 Midland Avenue 
Port Chester 10573 
Tel: (914) 937-7400 
FAX: (914) 937-2553 


NORTH CAROLINA 


Arrow/Schweber Electronics 
5240 Greensdairy Road 
Raleigh 27604 

Tel: (919) 876-3132 

FAX: (919) 878-9517 


Avnet Computer 

2725 Millbrook Rd., #123 
Raleigh 27604 

Tel: (919) 790-1735 

FAX: (919) 872-4972 


Hamilton Hallmark 

5234 Greens Dairy Road 
Raleigh 27604 

Tel: (919) 878-0819 
FAX: (919) 878-8729 


NORTH AMERICAN DISTRIBUTORS (Contd.) 


Pioneer Technologies Grou 
2200 Gateway Ctr. Blvd, #215 
Morrisville 27 

Tel: (919) 460-1530 

FAX: (919) 460-1540 


OHIO 


Arrow Commercial Systems Group 
284 Cramer Creek Court 

Dublin 43017 

Tel: (614) 889-9347 

FAX: (614) 889-9680 


Arrow/Schweber Electronics 
6573 Cochran Road, #E 
Solon 44139 

Tel: (216) 248-3990 

FAX: (216) 248-1106 ~ 


prosleweuss eons 
8200 Washington Village Dr. 
Centerville 45458 . 

Tel: (513) 435-5563 

FAX: (513) 435-2049 


Avnet Computer 

7764 br he Village Dr. 
Dayton 4545 

Tel: (513) 439-6756 

FAX: (513) 439-6719 


Avnet Computer 

30325 Bainbridge Rd., Bidg. A 
Solon 44139 

Tel: (216) 349-2505 

FAX: (216) 349-1894 


Hamilton Hallmark 

7760 aren Village Dr. 
Dayton 4545 

Tel: (513) 439-6735 

FAX: (513) 439-6711 


Hamilton Hallmark 
5821 Harper Road 
Solon 44139 

Tel: (216) 498-1100 
FAX: (216) 248-4803 


Hamilton Hallmark 

777 Dearborn Park Lane, #L 
Worthington 43085 

Tel: (614) 888-3313 

FAX: (614) 888-0767 


MTI Systems 

23404 Commerce Park Rd. 
Beachwood 44122 

Tel: (216) 464-6688 

FAX: (216) 464-3564 


Pioneer Standard 

4433 Interpoint Boulevard 
Dayton 45424 

Tel: (513) 236-9900 

FAX: (513) 236-8133 


Pioneer Standard 
4800 E. 131st Street 
Cleveland 44105 
Tel: (216) 587-3600 
FAX: (216) 663-1004 


OKLAHOMA 


Arrow/Schweber Electronics 
12101 E. 51st Street, #106 
Tulsa 74146 

Tel: (918) 252-7537 

FAX: (918) 254-0917 


Hamilton Hallmark 

5411 S. 125th E. Ave., #305 
Tulsa 74146 

Tel: (918) 254-6110 

FAX: (918) 254-6207 


Pioneer Standard 

9717 E. 42nd St., #105 
Tulsa 74146 

Tel: (918) 665-7840 
FAX: (918) 665-1891 
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ORTH AMERICAN DISTRIBUTORS (Contd.) 


OREGON. 


Almac Arrow Electronics 
1885 N.W. 169th Place 
Beaverton 97006 

Tel: (503) 629-8090 
FAX: (503) 645-0611 


Anthem Electronics 
9090 S.W. Gemini Drive 
Beaverton 97005 

Tel: (503) 643-1114 
FAX: (503) 626-7928 


Avnet Computer 


9750 Southwest Nimbus Ave. 


Beaverton 97005 
Tel: (503) 627-0900 
FAX: (502) 526-6242 


Hamilton Hallmark 
9750 S.W. Nimbus Ave. 
Beaverton 97005 

Tel: (503) 526-6200 
FAX: (503) 641-5939 


Wyle Laboratories 
9640 Sunshine Court 
Bidg. G, Suite 200 
Beaverton 97005 
Tel: (503) 643-7900 
FAX: (503) 646-5466 


PENNSYLVANIA 


Anthem Electronics 

355 Business Center Dr. 
Horsham 19044 

Tel: (215) 443-5150 
FAX: (215) 675-9875 


Avnet Computer 

213 Executive Drive, #320 
Mars 16046 ; 

Tel: (412) 772-1888 

FAX: (412) 772-1890 


Pioneer Technologies Group 
259 Kappa Drive 

Pittsburgh 15238 

Tel: (412) 782-2300 

FAX: (412) 963-8255 


Pioneer Technologies Group 
500 Enterprise Road 

Keith Valley Business Center 
Horsham 19044 

Tel: (713) 530-4700 


Wyle Laboratories 

1 Eves Drive, #111 
Marlton 08053-3185 
Tel: (609) 985-7953 
FAX: (609) 985-8757 


TEXAS 


Anthem Electronics 

651 N. Plano Road, #401 
Richardson 75081 

Tel: (214) 238-7100 

FAX: (214) 238-0237 


Arrow/Schweber Electronics 
11500 Metric Bivd., #160 
Austin 78758 

Tel: (512) 835-4180 

FAX: (512) 832-5921 
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Arrow/Schweber Electronics 
3220 Commander Dr. 
Carrollton 75006 

Tel: (214) 380-6464 

FAX: (214) 248-7208 


Arrow/Schweber Electronics 
10899 Kinghurst Dr., #100 
Houston 77099 

Tel: (713) 530-4700 


Avnet Computer 

4004 Beltline, Suite 200 
Dallas 75244 

Tel: (214) 308-8181 
FAX: (214) 308-8129 


Avnet Computer 

1235 North Loop West, #525 
Houston 77008 

Tel: (713) 867-8572 

FAX: (713) 861-6851 


Hamilton Hallmark 
12211 Technology Bivd. 
Austin 78727 

Tel: (512) 258-8848 
FAX: (512) 258-3777 


Hamilton Hallmark 
11420 Page Mill Road 
Dallas 75243 

Tel: (214) 553-4300 
FAX: (214) 553-4395 


Hamilton Hallmark 
8000 Westglen 
Houston 77063 

Tel: (713) 781-6100 
FAX: (713) 953-8420 


Pioneer Standard 
1826-D Kramer Lane 
Austin 78758 

Tel: (512) 835-4000 
FAX: (512) 835-9829 


Pioneer Standard 
13765 Beta Road 
Dallas 75244 

Tel: (214) 263-3168 
‘FAX: (214) 490-6419 


Pioneer Standard 

10530 Rockley Road, #100 
Houston 77099 

Tel: (713) 495-4700 

FAX: (713) 495-5642 


Wyle Laboratories 

1810 Greenville Avenue 
Richardson 75081 

Tel: (214) 235-9953 
FAX: (214) 644-5064 


Wyle Laboratories 

4030 West Braker Lane, #330 
Austin 78758 

Tel: (512) 345-8853 

FAX: (512) 345-9330 


Wyle Laboratories 

11001 South Wilcrest, #100 
Houston 77099 

Tel: (713) 879-9953 

FAX: (713) 879-6540 


UTAH 


Anthem Electronics 
1279 West 2200 South 
Salt Lake City 84119 
Tel: (801) 973-8555 
FAX: (801) 973-8909 


Arrow/Schweber Electronics 
1946 W. Parkway Bivd. 

Salt Lake City 84119 

Tel: (801) 973-6913 

FAX: (801) 972-0200 


Avnet Computer 

1100 E. 6600 South, #150 
Salt Lake City 84121 

Tel: (801) 266-1115 

FAX: (801) 266-0362 


Hamilton Halimark 

1100 East 6600 South, #120 
Salt Lake City 84121 

Tel: (801) 266-2022 

FAX: (801) 263-0104 


Wyle Laboratories 

1325 West 2200 South, #E 
West Valley 84119 

Tel: (801) 974-9953 

FAX: (801) 972-2524 


WASHINGTON 


Almac Arrow Electronics 
14360 S.E. Eastgate Way 
Bellevue 98007 

Tel: (206) 643-9992 

FAX: (206) 643-9709 


Anthem Electronics 

19017 - 120th Ave., N.E. #102 
Bothell 98011 

Tel: (206) 483-1700 

FAX: (206) 486-0571 


Avnet Computer 
17761 N.E. 78th Place 
Redmond 98052 

Tel: (206) 867-0160 
FAX: (206) 867-0161 


Hamilton Hallmark 
8630 154th Avenue 
Redmond 98052 
Tel: (206) 881-6697 
FAX: (206) 867-0159 


Wyle Laboratories 
15385 N.E. 90th Street 
Redmond 98052 

Tel: (206) 881-1150 
FAX: (206) 881-1567 


WISCONSIN 


Arrow/Schweber Electronics 
200 N. Patrick, #100 
Brookfield 53045 

Tel: (414) 792-0150 

FAX: (414) 792-0156 


Avnet Computer 

20875 Crossroads Circle, #400 
Waukesha 53186 

Tel: (414) 784-8205 

FAX: (414) 784-6006 


Hamilton Hallmark 
2440 S. 179th Street 
New Berlin 53146 
Tel: (414) 797-7844 


FAX: (414) 797-9259 


Pioneer Standard 

120 Bishop Way #163 
Brookfield 53005 - 
Tel: (414) 784-3480 
FAX: (414) 780-3613 


Wyle Laboratories 

W226 N555 Eastmound Drive 
Waukesha 53186 

Tel: (414) 521-9333 

FAX: (414) 521-9498 


ALASKA 


Avnet Computer 

1400 West Benson Bivd., #400 
Anchorage 99503 

Tel: (907) 274-9899 

FAX: (907) 277-2639 


CANADA 


ALBERTA 


Avnet Computer 

2816 21st Street Northeast 
Calgary T2E 6Z2 

Tel: (403) 291-3284 

FAX: (403) 250-1591 


Zentronics 

6815 8th Street N.E., #100 
Calgary T2E 7'H 

Tel: (403) 295-8838 

FAX: (403) 295-8714 


BRITISH COLUMBIA 


Almac Arrow [Electronics 
8544 Baxter Place 
Burnaby V5A 4T8 

Tel: (604) 421-2333 
FAX: (604) 421-5030 


Hamilton Hallmark 
8610 Commerce Court 
Burnaby V5A 4N6 

Tel: (604) 420-4101 
FAX: (604) 420-5376 


Zentronics 

11400 Bridgeport Rd., #108 
Richmond V6X 1T2 

Tel: (604) 273-5575 

FAX: (604) 2773-2413 


ONTARIO 


Arrow/Schweber Electronics 
1093 Meyerside, Unit 2 
Mississauga L5T 1M4 

Tel: (416) 670-7769 

FAX: (416) 670-7781 


Arrow/Schweber Electronics 
36 Antares Dr., Unit 100 
Nepean K2E 7W5 

Tel: (613) 226-6903 

FAX: (613) 723-2018 


Avnet Computer 

Canada System Engineering 
151 Superior Bivd. 
Mississuaga L5T 2L1 

Tel: (416) 795-3835 

FAX: (416) 677-5091 


Avnet Computer 

190 Colonade Road 
Nepean K2E 7J5 
Tel: (613) 727-2000 
FAX: (613) 226-1184 


Hamilton Hallmark 

151 Superior Bivd., Unit 1-6 
Mississauga L5T 2L1 

Tel: (416) 564-6060 

FAX: (416) 564-6033 


Hamilton Hallmark 
190 Colonade Road 
Nepean K2E 7J5 
Tel: (613) 226-1700 
FAX: (613) 226-1184 


Zentronics 

5600 Keaton Crescent, #1 
Mississauga L5R 3S5 

Tel: (416) 507-2600 

FAX: (416) 507-2831 


Zentronics 

oo Colonnade Rd., South 
#1 

Nepean K2E 7K1 

Tel: (613) 226-8840 

FAX: (613) 226-6352 


QUEBEC 


Arrow/Schweber Electronics 
1100 St. Regis Bivd. 

Dorval H9P 2T5 

Tel: (514) 421-7411 

FAX: (514) 421-7430 


Arrow/Schweber Electronics 
500 Boul. St.-Jean-Baptiste , 
Quebec H2E 5R9 

Tel: (418) 871-7500 

FAX: (418) 871-6816 


Avnet Computer 
2795 Reu Halpern 
St. Laurent H4S 1P8 
Tel: (514) 335-2483 
FAX: (514) 335-2481 


Hamilton Hallmark 
7575 Transcanada Highway 
#600 


St. Laurent H4T 2V6 
Tel: (514) 335-1000 
FAX: (514) 335-2481 


Zentronics 

520 McCaffrey 

St. Laurent H4T 1N3 
Tel: (514) 737-9700 

FAX: (514) 737-5212 


Embedded Microprocessors 


For 16-bit performance in an embedded microprocessor design, the 


industry standard 186 family is the popular choice. 


We have combined all of the technical information for this world- 
standard architecture into one comprehensive volume. This handbook 
contains complete product specifications, data sheets and architecture 


descriptions. 


ISBN 1-5551e2-204-3 
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